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A SYSTEM FOR COUPLING A TUBULAR MEMBER TO A 
PREEXISTING STRUCTURE 

Background of the Invention 

This invention relates to coupling a system for ooupDng a tubular memt>er to 
a preexisting structure. 

Conventionally, when a wellbore ts created, a numt)er of casings are 
installed in the borehole to prevent collapse of ttie borehole wall and to prevent 
undesired outflow of driRIng fluid into flie fbnnation or inflow of fluid from the 
fbnmation into the borehole. The borehole is drilled in inten^ls whereby a casing 
which is to be installed in a lower borehole Interval is lowered through a previously 
installed casing of an upper borehole inten^l. As a consequence of this procedure 
the casing of the lower intent! is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested anangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and ttie borehole wall to seal ttie casings from the borehole 
wall. As a consequence of ttiis nested anangement a relattveiy large borehole 
diameter is required at ttie upper part of ttie wellbore. Such a targe borehole 
diameter invohres increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
drilled in ttie course df ttie well, and ttie large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of ttie 
limitations of ti^ e}dsting procedurss fdr fbmning wellbores. 

Summary of ttie Invention 

According to ttie present invention ttiere is provided a system for coupling an 
expandable tubular member to a preexisting structure, comprising: 

means for positioning the tubular member and an expansion cone wittiin the 
preexisting structure; 

means for anchoring ttie tubular member to ttie preexisting stnidure; 

means for axially displacing the expansion cone relative to ttie tubular 
member by pulling ttie expansion cone ttirough ttie tubular member, and 
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means for injecting a lubricating fluid into the trailing edge of the interface 
t>etween the expansion cone and the tubular mefnt>er. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid has. a viscosity ranging from 1 to 10,000 oentipoise. 
5 Preferably, the means for irijecting includes: 

injecting lubricating fluid into a tapered end of the expansion oone. 

Preferably, the means for injecting includes means for injecting lubricating 
fluid into the area around the axial midpoint of a first tapered end of the expansion 
cone. 

10 Preferably, the means for injecting includes means for injecting lubricating 

fluid into a second end of the expansion cone. 

Preferably, the means for irijeding includes: 

means for injecting lubricating fluid into a tapered first end and a second end 
of the expansion cone. 
15 Preferably, the means for injecting includes means for injecting lubricating 

fluid Into an interior of the expansion cone. 

Preferably, the means for irijecling includes means for injecting lubricating 
fluid through an outer surfeoe of the expansion oone. 

Preferably, the means for irijeclkig includes means for injecting the 
20 lubricating fluid into a plurality of discrete locations along the trailing edge portion. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid comprises drilling mud. 

Preferably, the lubricating fluid further Includes: 
TorqTrim III; 
25 EPMudlib;and 
DrillN-Slid. 

Preferably, ttie system further comprises a lubricating fluid, wherein the 
lubricating fluid comprises: 
TorqTrim III; 
30 EP Mudlib; and 

DrillN-Siid. 

Preferably, the means for axially displacing the e)^r«ion cone includes a 
means for pressurizing at least a portion of the interior of the tubular member. 

Preferably, the means for axially displacing the expansion cone includes a 
35 means for injecting a fluidic material into the tubular memt>er 



Preferably, the means for axiaily displacing the expansion oone includes a 
means for displacing the expansion cor^e into the tubular nDember 

Preferably, the means for axiaily displacing the expansion cone includes a 
means for displacing the expansion cone out of the tubular nienfit>er. 

Preferably, the means for axiaily displacing the expansion cone radially 
expands the tubular member by 10% to 20%. 

Preferably, the system further comprises a means for applying direct radial 
pressure to the tubular member. 

Preferably, the preexisting structure includes a wellbore casing. 

Preferably, the preexisting structure includes a pipeline. 

Preferably, the preexisting slructire includes a structural support. 

Preferably, tte system further comprises an expansion cone, \wherein the 
expansion cone comprises an angle of attack ranging from 10 to 30 degrees. 

Preferably, the system further comprises a tubular nnember, Wherein the 
tubular ntember includes: 

an annular member, having: 

a wail thickness that voles less than 8 %; 

a hoop yiekl strength that varies less than 10%; 

imperfections of less than B % of the wall thickness; 

no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular member for radial expanstons of up to 

25%. 

Preferably, the system further comprises a tubular niemt>er. wherein the 
tubular member includes: 

a first tubular niember, 

a second tubular member and 

a pin and box threaded connectk>n for coupling the firet tutxilar member to 
the second tubular member, the threaded connectkxi including: 

one or more sealing members for sealing the interface between the firet and 
second tubular memt>ers. 

Preferably, the one or more sealing membere are posittoned adjacent to an 
end portton of the threaded connectton. 



Preferably, one of the sealing members is positioned adjacent to an end 
portion of the threaded connection; and wherein another one of the sealing 
memt>ers is not positioned adjacent to an end portion of the threaded connection. 

Preferably, a plurality of the one or more sealing members are positioned 
5 adjacent to an end portion of the threaded connection. 

Preferably, the system further oorTV)rises a tubular member, wherein the 
tubular niember includes: 

a layer of a lubricant bonded to the interior surface of the tubular member. 

Preferably, the lubricant comprises a metallic soap. 
10 Preferably, the lubricant is chemically bonded to the interior surface of the 

tubular memt)er. 

Preferably, the lubricant Is mechanically bonded to the interior surface of the 
tubular member. 

Preferably, the lubricant is adhesively bonded to the interior surfooe of the 
15 tubular member. 

Preferably, the lubricant includes epoxy. molytxlenum disulfide, graphite, 
ahjrrrinumt copper, alumisilicate and polyethylenepolyamine. 

Preferably, the system further comprises a tubular member, wherein the 
tubular rnember includes: 
20 a pair of tubular members having threaded portions coupled to one another; 

and 

a quantity of a sealant within the threaded portions of the tubular members. 
Preferably, the sealant is selected from the gixHip consisting of epoxies, 
ttiemiosetting sealing compounds, curable sealing compounds, and sealing 
25 compounds having polymeri2Bble materials. 

Preferably, the sealant includes an initial cure cyde and a Tmal cure cyde. 
Preferably, ttie sealant can be sketched up to 30 to 40 percent witiKXJt 

failure. 

Preferably, the sealant is resistant to conventional wellbore fluidic materials. 
30 Preferably, the material properties of the sealant are substantially stable for 

temperatures ranging from 0 to 450T. 

Preferably, the threaded portions of the tubular members include a primer for 
improving the adhesion of the sealant to the tiirsaded portions. 

Preferably, tiie system further comprises a tubular member, wherein ttie 
35 tubular member includes: 
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a pair of rings for engaging the preexisting structure; and 
a sealing elennent positioned between the rings for sealing the interface 
t>etween the tubular member and the preexisting structure. 

Preferably, the system further comprises a tubular member, vi^rein the 
5 tubular nrtember includes: 

. a first preexpanded portton; 

an intermediate portion coupled to the first preexpanded portion indudtng a 
sealing element; and 

a second preexpanded portion coupled to the intermediate portion. 
1 0 Preferably, the system further comprises: 

a tubular memt>er; 
an expansion cone; 

a support member including a fluid passage, the expansion cone coupled to 
. the support niemt)er. the tubular rnernber coupled to the expanston cone; 
15 a slip joint coupled to th^ expansion cone; 

an end plate coupled to the slip Joint; 

a fluid chamber coupled to the fluid passage, the fluid chamber defined by 
the interior portion of the tubular member betvveen the expansion cone and the end 
plate. 

20 Preferably, the system further comprises a tutnilar member, wherein the 

tubular member Includes a slotted end portion. 

Preferably, the system further comprises a tubular member and an 

expansion cone, wherein the tubular member and the expansion cone define a 

chamber adapted to be pressurised. 
25 Preferably, the system further comprises a fluidic passage coupled to the 

chamber. 

Preferably, the system further comprises a lubricating, fluid In an interface 
between the expansion cone and the tubular member. 

Preferably, the lubricating fluid comprises drilling mud. 

30 

Brief Description of the Drawings 
FIG. la is a fragmentary cross-sectional illustration of the placement of an 
apparatus for expanding a tubular memt>er within a wellbore casing. 
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FIG. 1b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1a after anchoring the expandable tubular member of ttie apparatus to the weilbore 
casing. 

FIG. 1c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
5 1 b after initiating the axial displacemmt of the expansion cone. 

FIG. Id is a fragmentary cross-sectional illustration of the apparatus of FIG. 
lb after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and injecting a pressurized fhiid below the expansion cone. 

FIG. 1e is a fragmentary cross-sectionisd illustration of the apparatus of FIGS. 
10 1c and Id after the completion of the radial expansion of the expandable tubular 
member. 

FIG. If is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1e after the decoupling of the anchoring device of the apparatus from the wellbore 
casing* 

15 FIG. 1g is a fragmentary dross-sectional Illustration of the appainatus oTFlO* 

If after the rennovai of ttie anchoring device of ttie apparatus from the wellbore 
casing. 

FIG. 2a is a fragmentary cross-sectional illustration of the plaoennent of an 
apparatus for expanding a tubular member wHhbi a weHbore casing and an open 
20 hole in a subtenranean formation. 

FIG. 2b is a fragmentary cross-sectional illustration of ttie apparatus of FIG. 
2a after an€:horing the expandable tubular member of the apparatus to the open 
hole. 

FIG. 2c is a fragmentary cross-sectional iUustration of the apparatus of FIG. 
25 2b after initiating the axial displacement of the expansion oone. 

FIG. 2d is a fragmentary cross-sectional illustration of tiie apparatus of FIG. 
2b after initiating the axial displacement of ttie expansion oone by pulling on the 
expansion oone and ateo by injecting a pressurized fluid below the expansion cone. 
FIG. 2e is a fragmentary cross-sectional illustration of the apparatus of FIGS. 
30 2c and 2d after the completion of ttie radial expansion of the expandable tubular 
member. 

FIG. 2f is a firagntentary cross-sectional illustration of ttie apparatus of FIG. 
2e after the decoupling of the anchoring device of the apparatus from the open hole. 
FIG. 3a is a fragmentary cross-sectional illustration of the placement of an 
35 apparatus for expanding a tubular member wtthtn a wellbore casing. 
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FIG. 3b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
. 3a after anchoring the expandable tubular member of the apparatus to the wellbore 
casmg. 

FIG. 3c is a fragmentary cross-sectiorial illusbBtion of the apparatus of FIG. 
5 3b after initiating the axial displacement of the expansion cone. 

FIG. 3d is a fragmentary cross-sectional illustration of the apparatus of FIG. . 
3c after completing Vt\e radial expanston of the expandable tubular member. 

FIG. 4 is a fragmentary cross-sectional Hlustratbn of a shock absorbing 
system for use in the apparatus of FIGS. 1a to 3d. 
10 FIG. 5 is a cross-sectional illustration of a coupling arrangement for use in 

the expandable tubular men4)ers of the apparatus of FIGS, la to 3d. 

FIG. 6 is a cross-sectional illustration of an expandable tubular member 
having a slotted lower section for use in the apparatus of FIGS, la to 3d. 

FIG. 7 is a cross-secHonal illustration of an expandable tubular menA>er 
15 having a pre-expanded upper portion for use in the apparatus of FIGS. 1^ 

FIG. . 8 is a crdss-secHonal inustiation of an expandable tubular member 
having a slotted upper section for use in the apparatus of FIGS, la to 3d. 

FIG. 9 is a graphical illustration of a method of applying an axial force to the 
expansion cones of the apparatus of FIGS, la to 3d. 
20 FIG. 10a is a fragmentary cross-sectional illustration of the plaoement of an 

apparatus for expanding a tubular member within a wellbore casing. 

FIG. 10b is a fragmentary cross-sectional Illustration of the apparatus of FIG. 
10a during the injection of a non-hardenaMe fluidlc nnaterial into and out of the 
apparatus. 

25 FIG. 10c is a firagnnentary cross-sectional illustratton of the apparatus of FIG. 

10b during the injection of a hardenable fluidlc sealing material into and out of the 
apparatus. 

FIG. lOd is a fragmentary cross-sectional Illustration of the apparatus of FIG. 
10c after the placement of a valve closure element into the valve passage of the 
3Q anchoring device of the apparatus. 

FIG. lOe is a fragmentary cross-sectional illustration of the apparatus of FIG. 
10d after anchoring the expandable tubular menrUber of the apparatus to the wellbore 
casing. 

FIG. 1 0f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
35 1 0e after initiating the axial displacement of the expansion cone. 
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FIG. 10g is a fragmentary cross-sectional illustration of the apparatus of flG. 
lOe after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and injecting a pressurized fluid t>elow the expansion cone. 

FIG. 1 0h is a fragmentary cross-sectional illustration of the apparatus of 
5 FIGS. lOf and lOg after the completion of the radial expansion of the expandat)le 
tubular member. 

FIG. 10i is a fragmentary cross-sectional illustration of the apparatus of FIG. 
lOh after the decoupling and removal of the anchoring device of ttie apparatus from 
the wellbore casing. 

10 FIG. 11a is a fragmentary cross-sectionat illustration of an apparatus for 

coupling an expandable tubular memt)er to a preexisting structure. 

FIG. 1 lb is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 la after anchoring the expandable tubular member of the apparatus to the wellbore 
. casing. . 
15 Fro. 1 1c is a fragmentary cross-sectbnal illustration of the apparatus of FIG. 

lib after initiating the axial displacement of the expansion cone. 

FIG. lid is a fragmentary cross-sectional illustration of the apparatus of FIG. 
11c after stopping the axial displacennent of the expansion cone prior to deactivating 
the anchoring device. 

20 FIG. 1 1 e IS a fragmentary cross-sectional illustration of the apparatus of FIG. 

1 1d after deactivating the anchoring device. 

FIG. 1 1f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 1e after initiating the axial displacement of the expansion cone and the deacHvatad 
anchoring device. 

25 FIG. 1 1g is a fragmentary cross-sectional illustration of the apparatus of FIG. 

1 1f after the completion of the radial expansion of the expandable tubular member. 

FIG. 12a is a fragmentary cross-sectional illustration, of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
aweHbore. 

30 FIG. 1 2b is a fragmentary cross-sectional illustration of ttie apparatus of FIG. 

12a after expanding the expandable expansion cone in order to anchor the 
expandable tubular menr)t>er to the wellbore casing. 

FIG. 12c is a fragmentary cross-sectional illustration of the apparatus erf FIG. 
12b after initiating the axial displacement of the expandat>ie expansion cone. 
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FIG. 12d is a fragmentary cross-sectional illustration of the apparatus of FiG. 
12c after completing the radial expansion of the expandable tubular member. 

FIG 13a is a fragmentary ax>ss-sectional illustration of an apparatus for 
coi4>ling an expandable tubular member to a preexisting structure positioned within 
5 aweiibore. 

FIG. 13b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
13a after activating the shape memory metal inserts in order to anchor the 
expandable tubular memt>er to the wellbore casing. 

FIG. 13c is a fragmentary cross^sectional illustration of the apparatus of FIG. 
10 13b after initiating the axial displacement of the expansion cone. 

FIG. 13d is a fragmentary cross-sectionat illustratbn of the apparatus of FIG. 
13c after completing ttie radial expansion of the expandable tubular member. 

FIG. 14a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
15 a wellbore casing. 

FIG. 14b is a fragmentary cross-secUonal illustration of the apparatus of FIG. 
14a after coupRng the packer to the weNboie casing. 

FIG. 14c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14b after Initiating the axial displacement of the expandable tubular member towards 
20 the expansion cone. 

FIG. 14d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14c after radially expanding the end of the expandable tubular member onto the 
expansion oone. 

FIG. 14e is a fragmentary cross-secUonal Illustration of the apparatus of FIG. 
25 14d after decoupling the packer from the wellbore casing. 

FIG. 14f is a fragnientary cross-sectional illustratton of the apparatus of FIG. 
14e after initiating the axial displaoement of the expanskxi cone relative to the 
expandat>le tubular nf)emt>er. 

FIG. 14g is a fragmentary cross-sectional illustratkxi of the completton of the 
30 radial expanston of the expandable tubular member. 

FIG. 15a is a fragmentary cross-sectkxial illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positkxied within 
a wellbore. 

FiG. 15b is a fragmentary cross-secttonal iUustratkm of the apparatus of FIG. 
35 1 5a after coupling the resilient anchor to the wellbore casing. 
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FIG. 15c is a fragmentary cross*sectional illustration of the apparatus of FIG. 
, 1 5b after initiating the axial displacement of the expansion cone. 

FIG. 15d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
15c after oompletton of the radial expansion of the expandable tutnilar memt)er. 
5 FIG. 16a is a top view of a resilient anchor for use in the apparatus of FIG. 

15a. 

FIG. 16b is a top view of the resilient anchor of FIG. 16a after releasing the 
coiled resilient member. 

FIG. 17a is a top view of a resilient ancha for use in the apparatus of FIG. 

10 15a. 

FIG. 17b is a top view of the resilient anchor of FIG. 17a after releasing the 
resHient elements. 

FIG. 18a is a fragmentary cross-sectional top view of a resilient anchor for 
us» in the apparatus of FIG, 15a. 
15 FIG. 18b is a fragmentary cross-sectional top view of the resHlent anchor of 

FIG. 18a after releasing the resilient elements. 

FIG. 19a is an front view of an expandable tubular nrienrib^ 
mora resifient panels. 

FIG. 19b is a cross-sectional view of the expandable tubular member of FIG. 

20 19a. 

FIG. 19c is a bottom view of the expandable tubular member of FIG. 19a. 

FIG. 20a is a fragmentary cross-sectional iliustraition of an apparatus for 
coupling an expandable tubular member to a preexistirig structure positioned within 
awellborB. 

25 FIG. 20b is a fragmentary cross-eedional illustration of the apparatus of FIG. 

20a after coupling the anchor to the welibore casing. 

FIG. 20c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
20b after initiating the axial displacement of the expansion cone. 

FIG. 20d is a fragmentary cross-sectional Illustration of the apparatus of FIG. 
30 20c after completion of the radial expansion cS the expandable tubular member. 
FIG. 21 a is an illustration of the anchor of the apparatus of FIG. 20a. 
FIG. 21b is an illustration of the anchor of FIG. 21a after outwardly extending 
the spikes. 

FIG. 22a is an illustration of the anchor of the apparatus of FIG. 20a. 
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FIG. 22b is an illustratioh of the anchor of FIG. 22a after outwardly extending 
the spikes. 

FIG. 22c is a cross-sectional illustration of the petals of the anchor of FIG. 

22a. 

5 FIG. 23a is a fragmentary cross-sectional illustration of an apparatus for 

coupling an expandable tubular member to a preexisting structure positioned within 
a wellbore. 

FIG. 23b is a fragmentary cross-secttonal illustration of the apparatus of FIG. 
20a after injecting a quantity of a hardenable fluidic sealing material into the open 
10 hole wellbore section proximate the lower section of the expandable tubular 
member. 

FIG. 23c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
23b after permitting the hardenable flukJic sealing material to at least partially cure. 
FIG. 23d is a fragmentary cross-secfional illustration of the apparatus of RG. 
15 23c iErfler initiating the axial dii^plaoement of the expansion a 

FIG. 23e is a fragmentary cross-sedional illustration of the apparatus of FIG. 
23d after completion of the radial expansion of the expandable tubular member. 

FIG. 24a is a fragmentary cross-sectional illustration of an apparatus and 
method for coupling an expandable tubular member to a preexisting structure 
20 positioned within a wellbore casing and an open hole wellbore section. 

FIG. 24b is a fragmentaiy cross-sectional illustration of the apparatus of FIG. 
24a after releasing the packer. 

FIG. 24c is a fragmentary cross-sectk>nal illustratton of the apparatus of FIG. 
24b after extruding the expandable tubular member off of the expanston cone. 
25 FIG. 25a is a fragmentary cross-sectk)nal illustratkxi of an aK>aratus and 

method for coupling an expandat)le tubular mernber to a preexisting structure 
positk>ned within a wellbore casing and an open hole wellbore sectkxi. 

FIG. 25b is a fragmentary cross-sectional illustratkxi of the apparatus of FIG 
25a after injecting a quantity of a fluklic material into the expandable tubular 
30 memt)er having a higher density than the fluM within the preexisting structure 
outskle of the expandable tubular m6mt)er. 

FIG. 25c is a fragmentary cross-sectkxial illustration of the apparatus of FIG. 
25b after extruding the expandat>le tubular member off of the expanskxi oorie. 

FIG. 26a is a fragmentary cross-sectk>nal iliustretkm of an apparatus and 
35 method for coupling an expandable tubular member to a preexisting structure. 
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FIG. 26b is a fTBgmentary cross-sectional illustration of the apparatus of FIG. 
26a after the initiation of the radial expansion process. 

FIG. 26c is a fragmentary cross-sedional illustration of the conipletion of the 
radial expansion process using the apparatus of FIG. 26b. 
5 FIG. 27 is a flow chart illi^tration of a method of coupling an expandable 

tubular to a preexisting stnicture. 

FIG. 28 is a cross*s6ctional illustration of an expandable tubular coupled to a 
preexisting structure using an expansion cone. 

FIG. 29 is a cross-sectional illustration of the subsequent application of radial 
10 pressure to the expandable tubular member of FIG. 28. 

Detailed Description 

Referring initially to FIGS, la, lb, Ic, Id, 1e. If and 1g, a method and 
apparatus fc>r coupling an expandable tubular member to a preexisting structure will 
be described. Referring to Fig. la, a w^lbora casing 100 is positioned within a 

15 subterranean fonmatiori 105. The wellbore casing 100 may be positionckl in any 
orientation froni the vertical direction to the horizont^ The weilbora casing 

100 further includes one or more openings 110 that may have been the result of 
unintentional damage to the weUbore casing 100, or due to a prior perforation or 
fracturing operation perfomned upon the surrounding subterranean fonmation 105. 

20 As will be recognized by persons having ordinary sluil in the art, the openings 110 
can adversely affect the subsequent operation and use of the wellbore casing 100 
unless they are sealed off. 

An apparatus 115 is utilized to seal off the openings 110 in the vi^ibore 
casing 100. More generally, the apparatus 115 is pnefeFabiy utilized to form or 

25 repair wellbore casings, pipeflnes, or stnx:tural st^yports. 

The apparatus 115 preferably Includes a first support nmnber 120. a second 
support member 125, an expansion cone 130, an anchoring device 135, and 
expandable tubular member 140, and one or more sealing nriembers 145. 

The first support member 120 is preferably adapted to be coupled to a 

30 surface location. The first support member 120 is further coupled to the anchoring 
device 135. The first support memtier 120 is preferably adapted to convey 
pressurized fluidic materials and/or electrical current and/or communication signals 
from a surface location to the anchoring device 135. The first support member 120 
may. for example, be conventional oommerciaHy availat>le slide wire, braided wine, 

35 coiled tutwng, or drilling stock material. 
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The second support member 125 is preferably adapted 1o be coupled to a 
surface location. The second support member 125 Is further coupled lo the 
expansion cone 130. The second support member 125 is preferably adapted to 
pemvt the expansion cone 130 to be axially displaoed relative to the first support 
5 member 120. The second support member 125 may. for example, be conventional 
commercially available sick v»lre. braWed wire, colled tubing, or driUng stock 
material. 

The expanston cone 130 Is coupled to the second support member 125. The 
expanskm cone 130 Is preferably adapted to radially expand the expandable tubular 
10 merrtw 140 when the expanston cone 130 Is axially displaced relative to the 

expandable tubular merhber 140. 

The anchoring device 135 is coupled to the first support member 120. The 

anchoring devtoe 135 is preferably adapted to be controHably coupled to the 
expandable tubular meniber 140 and the wellbore casing 100. In this manner, the 
15 anchoring device 135 preferably oonlrollably anchore the expandable tubular 
member 140 to the weBbcre casing 1.00 to facilitate the radial expanston of the 
expandable tubular member 140 by the axial displaoement of the expansion cone 
130. The anchoring device 135 includes one or more expandable etements 150 that 
are adapted to controllably extend from the body of the anchoring device 135 to 
20 engage both the expandable tubular member 140 and the v^llbore casing 100. The 
expandabto elements 1 50 are actuated using fluWte pressure. The anchoring device 
135 Is any one of the hydraulicelly actuated packers commercially availabte firom 
HaHburtbn Energy Services or Baker-Hughes. 

The expandable tubular member 140 Is removably coupled to the expansion 
25 cone 130. The expandable tubular member 140 Is further preferably adapted to be 
removably coupled to the expandable element 150 of the anchoring device 135. 
The expandable tubular member 140 Includes one or more anchoring windows 155 
for permitting the expandable elemenis 150 off the anchoring device 135 to engage 
the wellbore casing 100 and the expandable tidNJiar member 140. 
30 The expandable tubular member 140 further Includes a tower section 160. an 

Intemiediate section 165. and an upper sectton 170. The tower section 160 Includes 
the anchoring windows 155 In order to provWe anchoring at an end portion of the 

expandable tubuiar member 140. The waM tWckness of the tower and intennedlate 
sedtons. 160 and 165. are less than the waU thickness of the upper sectton 170 In 
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order to optimally couple the radially expanded portion of the expandable tubular 
member 140 to the wellbore casing 1 00. 

The sealing niembers 145 are coupled to the outer surfece of the upper 
p(^n 170 of the expandable tubular member 140. The sealing members 145 are 

5 preferably adapted to engage and fluidicty seal the interface between the radially 
expanded expandable tubular memt)er 140 and the weilt)ore casing 100. The 
apparatus 115 includes a plurality of sealing members 145. The sealing members 
145 surround arxl isolate the opening 110. 

As illustrated in FIG. la, the apparatus 1 15 is preferably positioned within the 

10 wellbore cashig 100 with the expandable tutMJiar member 140 positioned in 
opposing relation to the opening 110. The apparatus 115 includes a pluraHty of 
seeing members 145 that are positioned above and below the opening 110. in this 
manner, the radial expansion of the expandat>ie tubular member 140 optimally 
fluididy isolates the opening 110. 

15 * As illustrated in FIG. lb, the apparatus 115 is then.anchoirad to the weHbor^ 
casing 100 using the anchoring device 135. The anchoring device 135 is 
pressurized and the exparKiable element 150 is extended from the anchorin g devioe 
135 through the corresporKling anchoring wirxlow 155 in tlie expandable tubultf 
member 140 into intimate contact with ttie wellbore casing 100. In this manner, the 

20 lower section 160 of the expandal>le tubular member 140 is removably coupled to 
the wellbore casing 100. 

A corr^ressible cement and/or epoxy is then injected into the annular space 
between the unexpended portion of tt>e tubular member 140 and the wellbore casing 
100. The compressible cement and/or epoxy is then permitted to at least partiaily 

25 cure prior to the Initiation of the radial expansion process. In this manner, an 
annular structural support and fluidic seal is provided arouixi the tutxilar member 
140. 

As illustrated in FIG. 1c, the expansion cone 130 is then axially displaced by 
applying an axial force to the second support member 125. The axial displacement 
30 of the expansion cone 130 radially expands the expandable tubular memt)er 140 
into intimate contact with the walls of the wellbore casing 1 00. 

As illustrated in FIG. Id, the axial displacement of the expansion cone 130 is 
enhanced by injecting a pressurized flutdic material Into the annular space twtween 
the first support meml>er 120 and the second support member 125. In this manner, 
35 an upward axial force is applied to ttie lower annular face of the expansion cone 130 
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using the pressurized fluidic material. In this manner, a temporary need for 
increased axial force during the radial expansion process can be easi^ satisfied. 

As illustrated in FIGS. 1e. 1f. and 1g, after the expandable tubular member 
140 has been radially expanded by the axial displacement of the expansion cone 
5 130, the first support member 120 and the anchoring device 135 are preferably 
removed from expandable tubular member 140 by de-pressurizing the anchoring 
device 135 and then lifting the first support member 120 and anchoring device 135 
from the wellbore casing 100. 

As illustrated in FIG. 1g. The opening 110 in the wellbore casing 100 is 
10 sealed off by the radially expanded tubular merrier 140. In this manner, repairs to 
the wellbore casing 100 are optimally provided. Mors generally, the apparatus 115 
is used to repair or fonn wellbore casings, pipelines, and structural supports. 

Referring to FIGS, 2a, 2b, 2c, 2d. 2e and 2f. a method and apparatus for 
coupling an expandable tubular mernber to a preexisting structure will be described. 
15 Referring to Fig. 2a. a wellbore ceding 200 and an open hole wellbore section 205 
are positioned within a subterranean formation 210. The wellbore casing 200 and 
the open hole wellbore section 205 may be positioned in any orientation from the 
vertical direction to the horizontal direction. 

An apparatus 21 5 is utilized to couple an expand^le tubular member to an 
20 end portion of the weNbore casing 200. In this manner, the open hole wellbore 
section 205 is provided with a cased portion. More generally, the apparatus 215 is 
prefsrably utilized to form or repair wellbore casings. pipeNnps. or structual 
supports. 

The apparatus 215 preferably Includes a first support member 220, a second 
25. support member 225, an expansion cone 230, an anchoring device 235. an 
expandable tubular member 240. one or moia upper sealing members 245. one or 
mors lower sealing members 250, and a flexible ooupling element 255. 

The first support member 220 is preferably adapted to be coupled to a 
surface location. The fust support member 220 is further coupled to the anchoring 
30 device 235. The first support member 220 is preferably adapted to convey 
pressurized fluidic materials ar)d/or electrical cunent and/or communication signals 
from a surface location to the anchoring device 235. The firet support member 220 
may, for example, be conventional cornmerdaUy available slick wire, braided wire, 
coiled tubing, or drilling stodc material. 
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The second support member 225 is preferably adapted to be coupled to a 
surface location. The second support member 225 is further coupled to the 
expansion cone 230. The second support member 225 is preferably adapted to 
permit the expansion cor» 230 to be axlally displaced relative to the liiat support 
5 member220. The secorKi support member 225 may. for example, be conventional 
commercially available slick v>*e. braided whe. coiled tubing, or driUlng stock 
material. 

The support member 220 is telescoplcally coupled to the support member 
225, and the support mef«ber 225 is coupled to a surfto support structure. 
10 The expansion cone 230 Is coupled to the second support member 225. The 

expansion cone 230 Is preferably adapted to radially expand the expandaWe tobular 
member 24Q vi»hen the expanston cone 230 Is axiaHy dlsplaoed relative to the 

expandable tubular member 240. 

The anchoring device 235 Is coupled to the first support member 220. The 

15 anchoring device 235 Is preferably adapted, to be cohtrollably coupled to the 
expandable tubular member 240 and.the open hole vwObore secbon 205. In this 
manner, the anchoring device 235 praferaWy oontrollably anchors the expandable 
tubular member 240 to the open hole vi«llbore section 205 to facilitate the radial 
expansion of the expandabte tubular member 240 by the axial displacement of the 
20 expaiwlon cone 230. The anchoring device 235 includes one or more expandabte 
etements 260 that are adapted to controllably extend from the body of the anchoring 
device 235 to engage both the flexible coupling element 255 and the open hote 
wellbore section 205. The expandable elements 260 are actuated using fluWic 
pressure. The anchoring device 235 is any one of the hydraullcally actuated 
25 packers commercially availabte from Halliburton Energy Senooes or Baker-Hughes. 

The expandabte tobular member 240 is removably coupted to the expanston 
cone 23a The expandabte tubuter member 240 is further preferably coupted to the 
fteMbte coupling element 255. 

The expandabte tubuter member 240 further Includes a tovwer sedton 265, an 
30 intennediate sedton 270. and an upper section 275. The lower sedton 265 fe 
coupled to the ftexible coupling etement 255 In enter to provide anchoring at an end 
portion of the expandable tobular member 240. Thevxallthteknessof thetoM«rand 
mtennedlate sedtons. 265 and 270. are tess than the wall thfckness of the upper 
sedten 275 in Older to optimally coupte the radtelly expanded portton of the 
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expandable tubular member 240 to the wellbore casing 200 and the open hole 
weUbore section 205. 

The upper sealing members 245 are coupled to the outer surface of the 
upper portion 275 of the expandable tubular member 240. The upper sealing 
5 members 245 are preferably adapted to engage and fluidldy seal the interface 
between the radially expanded expandable tubular member 240 and the wellbofB 
casing 200. The apparatus 215 indudes a plurality of upper sealing members 245. 

The lower sealing members 250 are coupled to the outer surfeoe of the 
upper portion 275 of the expandable tubular member 240. The lower sealing 
10 members 250 are preferably adapted to engage and fluididy seal the interface 
between the radially expanded expandable tubular member 240 and the open 
welibore section 205. The apparatus 215 includes a plurality of lower seaUng 
members 250. 

The flexible couplirig element 255 is coupled to the lower portion 265 of the 

15 ttcparidable tubular member 240. The flexible coupling etemeht 255 is preferably 
adapted to radially expanded by the anchoring device 235 into engagement vvilNn 
the waHs of the q)en hole weUxm section 205. In this manner, the lower portion 
265 <rf the expandable tubular member 240 is coupled 10 the wdis of the open hole 
welibore section 205. The flexible coupHng element 255 is a stotted tubular 

20 ntember. The flexible coupling element 255 indudes one or more hook elements for 
engaging the walls of the open hole welibore section 205. 

As Hustrated in FIG. 2a. the apparatus 215 is preferably positioned with the 
expandable tubular member 240 positioned in overlapping relation with a portion of 
the welibore casing 200. In this manner, the racfisAy expanded tubular member 240 

25 is coupled to the lower portion of the welibore casing 200. The upper sealing 
members 245 are positioned in opposing relation to the lower portion of ttie welibore 
casing 200 and the lower sealing members 250 are pqsitiorMd in opposing relation 
to the walls of ttie open hole welibore section 205. In this manner, ttie interface 
between ttte radially expanded tubular member 240 and ttie weHbore casing 200 

30 and open hole welibore section 205 is opIimaNy fluidicly sealed. 

As illustrated in FIG. 2b. the apparatus 215 is ttien anchored to ttie open 
hole welibore section 205 using ttie anchoring device 235. The anchoring device 
235 is pressurized and ttie expandable element 260 is radially extended from the 
anchoring device 235 causing ttie flexible coupling element 255 to radially expand 

35 into intimate contact witti ttie walls of ttie open hole welibore section 205. In ttiis 
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manner, the lo««r secBon 265 of the expandable tubular member 240 Is removably 
coupled to the vi«ll8 d the open hole wBllbore section 205. 

A compressible cement and/or epoxy is then Injected into the annular space 
between the unexpended portion of the tubular men*er 240 and the vvellbore casing 
100 and/or the open hole v«ilbore section 205. The compressible cement and/or 
epoxy is then pemiitted to at least partially cure prior to the Initiation of the ra^ 
expansion process. In this manner, an annular structural support and fluldic seal is 
provided around the tubidar member 240. 

As iHustrated in iFIG. 2c the expansion oone 230 is then axially displaced by 
applying an axial force to the second support member 225. The axial displaoement 
of the expansion cone 230 ladialiy expands the expandable tubular membw 240 
Into intimate ooritad v((ith the v«ll8 of the open hote weMbore secB^ 

As iHuslrated In FIG. 2d. the axial displaoement of the expansion cone 230 is 

enharx»d by iriecling a pressurized liuidic material Into the annuter space beh^^ 
15 theflrst support rnember 220 and th^ second support member 225. In Ws manner, 
an upward axial force is applied to the tower annular face of the expansion oone 230 
using the pressurized fluldic material. In this manner, a temporary need for 
increased axial force during the radial expansion process can be easily satisfied. 

As IHuslrated in FIGS. 2e and 2f. after the expandable tubuter member 240 
20 has been radially expanded by the axial displacement of the expansion cone 230. 
the first suptiort member 220 and the anchoring device 235 are preferably removed 
from expandable tubular member 240 by de-pressurizing the anchoring device 235 
and then lifling the first support member 220 and anchoring device 235 from the 
wellbore casing 200 and the open hote wellbore section 205. 
25 Referring to FIGS. 3a. 3b. 3c, and 3d. a nr»thod and apparatus for coupling 

an expandable tubular member to a preexisting sfrudure will be described. 
Refemng to Fig. 3a. a wellbore casing 300 is positioned wHhin a subterranean 
fonnation 305. The v»«llbore casing 300 may be positioned in any orientation from 
the vertical direction to the horizontal direction. The wellbore casing 300 further 
30 includes one or more openings 310 that may have been the result of unintentional 
damage to the wellboie casing 300. or due to a prior perforation or fracturing 
operation performed upon the sunounding subterranean fwmation 305. As voill be 
recognized by persons having ordinary sldB In the art. the openings 310 can 
adversely affect the subsequent operatton and use of the wellbore casing 300 
35 urtess they are sealed off. 
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An apparatus 315 is utilized to seal off the openings 310 in the wetlbore 
casing 300. K4ore generally, the apparatus 315 is preferably utilized to form or 
repair welibore casings, pipelines, or structural supports. 

The apparatus 315 preferably includes a support member 320, an expansion 
5 cone 325, an anchoring device 330, an expandatte tubular member 335. and one or 
more sealing members 340. 

The support meniber 320 is preferably adapted to be coupled to a surface 
location. The support member 320 is further coupled to the expansion cone 325 
and the anchoring device 330. The support member 320 is preferably adapted to 
10 convey pressurized fluidic materials and/or electrical current and/or oommunicatton 
signals from a surface location to the anchoring device 330. The support member 
320 may, for example, be conventional commerdaily available si\dK wire, braided 
coiled tubing, or drUltng stock material. 
The expansion corie 325 i$. coupled to the support member 320. The 
1 5 expansion cone 325 is pr^eraUy adapted to radially expand the expandable tutMJlar 
member 335. when the expansion cone 325 is axlally displaoed relative to the 
expandable tubular member 335* 

The anchoring device 330 is coupled to the support member 320 and the 
expansion cone 325. The anchoring device 335 is preferably adapted to comrollably 
20 coupled to the expandable tubular member 335 to the welibore casing 300. In this 
manner, the anchoring device 330 preferably controllably anchors the expandable 
tubular member 335 to the welibore casing 300 to fedlttate the radial exparwion of 
the expandable tubular member 335 by the axial displacement of the e)9msion 
cone 325. The anchoring device 330 includes one or more expandable olwnents 
25 345 that are adapted to contrdlably extend from the body of the anchoring device 
330 to radially displace conresponding engagement elements 350 provided in the 
expandable tubular member 335. The radial displaoenDent of the engagement 
elenrients 350 couples the expandable tubular member 335 to the welibore casing 
300. The expandable elements 345 are pistoris that are actuated using fluidic 
30 pressure. The anchoring device 330 is any one of the hydraulically actuated 
anchoring devices commerciaUy available from Halliburton Energy Services or 
Balcer-Hughes. 

The expandable elements 345 are explosive devices that controllably 
generate a radially directed explosive force for radially displacing the engagement 
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elements 350. The explosive expandable elements 345 are shaped exploshfe 
charges commercially available from Halliburton Energy Services. 

The expandable tubular member 335 is removably coupled to the expansion 
cone 325. The expandable tubular member 335 includes one or more engagement 
5 devices 350 that are adapted to be radially displaced by the anchoring device 330 
into engagement with the walls of the wellbore casing 300. In this manner, the 
expandable tubular member 335 is coupled to the weKbore casing 300. The 
engagement devices 350 include teeth for biting into the surfeK^e of the wellbore 
casing 100. 

10 The expandable tubular nriember 335 further includes a lower section 355, an 

Intermediate section 360, and an upper section 365. The lower section 355 includes 
the engagement device 350 in order to provide anchoring at an end portion of the 
expandable tubular member 335. The wall thickness of the lower and intermediate 
setiBons, 355 and 360, are less than the waH thickness of the upper sectk>n 365 in 

15 order to optinnally couple the radially expanded portkm of the expandable tubular 
member 335 to the wellboie casing 300. 

The sealing members 340 are coupled to the outer surface of the upper 
portkK) 365 of the expandable tubular member 335. The seal^ members 340 are 
preferably adapted to engage and fkjWidy seal the tnteifaoe between the radially 

20 expanded expandable tubular member 335 and the wellbore casing 300. The 
apparatus 315 includes a plurality of sealing members 340. The sealing members 
340 surround and isolate the opening 310. 

As illustrated in FIG. 3a, the apparatus 315 is preferably positkxied within the 
wellbore casing 300 with the expandable tubular member 335 posittoned in 

25 opposing relatk)n to the opening 310. The apparatus 315 inchides a plurality of 
sealing members 340 that are positkMied above and betow the operring 310. In this 
nr>anner, the radial expanston of the expandable tubular rnember 335 optimally 
fluididy isolates the opening 310. 

As illustrated in FIG. 3b, the expandable tubular member 335 of the 

30 apparatus 315 is then anchored to the weHbore casing 300 using the anchoring 
device 330. The anchoring devtoe 330 is pressurized and the expandable etement 
345 is extended from the anchoring device 330 and radially displaces the 
corresponding engagement elements 350 of the expandable tubular member 335 
into intimate contact with the wellbore casing 300. In this manner, the k>wer sectton 

35 355 of the expandable tubular member 335 is coupled to the wellbore casing 300. 

20 



A compressible cement and/or epoxy is then injected into the annular space 
between the unexpended portion of the tul)ular memlw 335 and the wrt 
300. The compressible cenient and/or epoxy is then perniWed to at least partiaUy 
cure prior to the Initiation of the radial expansion process. In this manner, an 
annular structural support and fhjldic seal Is provided around the tubular member 
335. 

As Illustrated in FIG. 3c the anchoring device 330 Is then deacSvated and 
the expansion cone 325 is axially displaced by applying an axial Ibrce to the support 
member32D. The deactivatton of the anchoring device 330 causes the expandable 
elements 345 to radially retract Into the anchoring device 330. Alternatively, the 
expandable elements 345 are rasdlently coupled to the anchoring device 330. In 
this manner, the expandable elements 345 retract automatically upon the 
deactivation of the anchoring device 330. The axial displacement of the expansion 
cone 325 radially ex|«nds the expandable tubular member 335 Into Intlmato 0^ 

d with the walls of the wettbore casing 300. 

As aiustrated m FIG. 3d. afier the expandable tubular member 335 has been 

. radially expanded by the axial dlsplaosment of the expansion cone 335. the support 
member 320. expansion cone 325. and the anchoring device 330 are preferably 
removed from the expanded expandable tubular member 335; 
20 The opening 310 In the weBbore casing 300 is sealed off by the radially 

expanded tubular member 335. In this manner, repairs to the wellbore casing 300 
are optimally provided. More generally, the apparatus 315 is used to repair or form 
wellbore casings, pipefines, and stmctural supports. 

Fteferring to FIG. 4, a system 400 for applying an axial (brce to the expansion 
25 cones 130. 230. and 325 Includes a lifting device 405. a first support member 410. a 
shock absort)er 415. and a second support member 420. The system 400 is 
adapted to minimize the transfer of shock loads, created during the oompletton of 
the radial expanston of tubular members by the expanston cones 130. 230. and 325. 
to the lifting devtee 405. In tWs manner, the.radlal expanston of tubular membere by 
30 the expansion cones 130. 230 and 325 Is provWed man optimally safe manner. 

The lifting devk» 405 is supported at a surface tocation and Is coupled to the 
firet support member 410. The liMng devtoe 405 may comprise any number of 
oom^enttonal commercially available nfHng devtoes suitable for manipulating tubular 
membere within a wellbore. 
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The first support memt)er 410 is coupled to the lifting device 405 and the 
, shock absoriter 415. The first supp€)rt member 410 may comprise any number of 
conventional commercially available support members such as, for example, coiled 
tubtf)g, a drill string, a wireline, braided wire, or a slick line. 
5 The shock absorber 415 is coupled to the first support memt)er 410 and the 

second support member 420. The shock absort>er 415 is preferably adapted to 
absorb shock k>ads transmitted from the second support member 420. The shock 
absorber 415 may be any numl^er of conventk>nat commercially available shock 
absoibers. 

10 The second support member 420 is coupled to the shock absort)er 41 5. The 

second support member 420 is further preferably adapted to be coupled to one or 
more of the expanston cones 130, 230 and 325. 

During operatton of the system 400, the lifting device applies an axial force to 
onet of the mpansion cone? 13Q, 230. and 325 in order to radially expand tubular 

15 members. Upon the oompletton of the radial expansion process, when the 
expanskm cones 130, 230 and 325, exK the radially expanded tubular members, the 
sudden shock toads generated are absorbed, or at least minimized, by the shock 
absorber 415. In this manner, the radial e)^nsk>n of tubiriar memtiers by pulUfig 
the expanston cones 130. 230 and 325 using the lifting devtoe 405 is provMed in an 

20 optimally safe manner. 

Referring to R6. 5, a coupling system 500 for use in the expandable tubular 
members 140, 240. and 335 will now be described. The system SOO Includes an 
upper ring 505. a sealing element 510. and a kiwer ring 515. The upper ring 505, 
the sealing element 510, and the tower ring 515 are provkled on the outer surfaces 

25 of the expandabte tubular members 140. 240, and 335. In this manner, when the 
expandable tubular members 140. 240 and 335 are radially expamted. the upper 
ring 505. the sealing element 510, and the tower ring 515 engage the interior 
surfooe of the preexisting structure that the expandable tubular members 140, 240 
and 335 are coupled to. The upper and tower rings, 505 and 515. penetrate the 

.30 interior sur^ of the preexisting structure that the expandable tubular members 
140. 240 and 335 are coupled to in order to optimally anchor the tubular members 
140, 240 and 335 to the preexMing structure. The sealing element 510 is 
compressed into cont^ with ihe interior surface of the preexisting structure that the 
expandable tubular members 140, 240 and 335 are coupled to In order to optimally 
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fluididy seal the interface between the tubular members 140. 240 and 335 ami the 
preexteling Structure. ^ 
The upper and tower rings. 505 and 515. extend from the outer surfaces of 
the tubular members 140. 240 and 335 by a distance of about 1/64 to % inches. 
5 The upper and tower rings. 505 and 515. extend about 1/8- from Ihe outer surtax 
of the tubular members 140. 240. and 335 Jn order to optimally engage the 

preexisting Structure. 

The sealing element 510 extends from the outer surfaces of the tubular 
members 140. 240 and 335 by a distance substantially equal to the extension of the 
10 upper and tower rings. 505 and 515. above the outer surfaces of the tubular 
membere140.240and335. The seaUng element 510 is fabricated from nibber in 
order to optimally lluldicly seal and engage the preexlstihg structure. 

The tubular members 140. 240 and 335 Include a plurality of the coupling 
systems 500. The coupling systems 500 are p«>vided on the tower, mtemiedlate. 
15 and upper portfons of the tubpiar members 140. 240. and 335. 

Referring now to FIG. 6. an expandable tubular member 600 for use In the 
apparatus115.215and315wlllbedescrtbed. The tubular member 600 preferably 
Includes a tower portion 605. an intemiedlate portion 610. and an upper portton 615. 
The tower portton 605 Is coupted to the mtemnedlate portion 610. Thelower 
20 portton605i8furtheradaptedtomatewlththeanchoringdevices135.235.and330. 
. The tower portton 805 further preferably includes one or more stotted portions 620 

fbr fadlitaUng the radial expanston of the tower portion 605 by the anchoring devices 
135 235 and330. In this manner, the lower portton 605 of the tubular member 600 

IS pieferaWy radially expanded by the anchoring devices 135. 235. and 330lnto 
25 contactwlththepreexlstingslructure. FurthermorB.inthl8manner.thetowerportton 

605 of the tubular member 600 is anchored to the preexisting structure prior to the 
Initlatton of the radial expanston process. 

The intem»ediate portton 610 is coupted to the tower portton 605 and the 
upper portton 615. The wall thicknesses of the lower and intemwdlate porttons. 605 
30 and 610. are less than ttiewaUthtekness of the upper portton 615 in ortler to 

facilitate the radial expanston of the tabular member 600. The tower and 
lntem«dlate pcrttons. 605 and 610. are preexpanded to mate with the expanston 

Inferring to FIG. 7. an expandable tubular member 700 fbr use in the 
apparatus 115. 215 and 315 wiH be described. The tubular member 700 mimmizes 
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the shock loads created upon the completion of the radial expansion process. The 
tubular meml)er 700 includes a lower portion 705. a lower transifionary portion 710. 
an intermediate portion 715, an upper transitionary portion 720, an upper portion 
725, and a sealing element 730. 

5 The lower portion 705 is coupled to the lower transitionary portion 710. The 

lower portion 705 is preferably adapted to nate with the expansion cone and the 
anchoring device. 

The tower transitionary portion 710 is coupled to the lower portion 705 and 
the mtermediate portion 715. The lower transitionary portion 710 is adapted to mate 
10 with the expansion cone. The w^ thicknesses of the lower portion 705 and the 
tower trarisittonary portton 710 are less than the vyali thicknesses of the intennediate 
portton 715, the upper transitionary portton 720 and the upper porttoh 725 in order to 
optimally facilitate tt)e radial expansion process. 

The intenmediate portton 715 is coupled to the tower transittonary portton 710 
15 and the upp«- transittonary portion 720. The outekie diameter of the intemiediate 
portton 715 is less than the wall thtoknesses of the tower portton 70S and the upper 
■ portton 725. 

The upper transittonary portton 720 is couptod to the intennedlate portton ■ 
71&and the upper portton 725. 

20 The upper portton 725 is ooupted to the upper transittonary portton 720. 

The sealtog etement 730 is coupled to the outskle surface of the 
intermediate portton 715. The outskle diameter of the sealing etement 730 is less 
than or equal to the outskle diameter of the tower portion 705 and the upper portton 
725 in order to optimally protect the sealing etement 703 during placement of the 

25 tubutef member 700 within the preexistiiig structure. 

During the radial expansfon of the tubuter member 700 using the apparatus 
115, 215 and 315, the preexpanston of the upper transittonary portton 720 and the 
upper portton 725 reduces the shock toads typkally created during the end portton 
of the radtel expanston process. In this manner, the radtel expansion process is 

30 optimally provided in a safe manner. Furthemfiore, because the sealing etement 730 
to preferably recessed betow the surfeces of the tower portton 705 and the upper 
portton 725, the sealing etement 730 is optimally protected from daiTu^ during the 
placement of the tubular member 700 within the preexisting structure. 
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Referring to FIQ. 8, an expandable tubular member 800 for use in the 
apparatus 1 1 5» 21 5 and 315 will be described. The tubular member 800 preferably 
includes a lower portion 805, an Intermediate portion 810, and an upper portion 815. 
The lower portion 805 is coupled to the intermediate portion 810. The lower 

5 portion 805 is further adapted to mate with the expansion cones 130. 230, 325 ar>d 
the anchoring devices 135, 235, and 330. The intemnediate portion 810 is coupled 
to the lower portion 805 and the upper portion 815. The wall ttildcnesses of the 
lower and intermediate portions, 805 and 810, are less than the wall thickness of the 
upper portion 815 in order to fecHitate the radial expansion of the tubular member 

10 BOO. The lower and intenmedlate portions, 805 and 810, are preexpanded to mate 
with the expansion cone. 

The upper portion 815 is coupled to the intermediate portion 810. The upper 
portion 815 further preferably includes one or mors slotted portions 820 for 
fecHltating the radial expansion of the upper portion 815 by the expansion ooines 

15 130, 230, and 325. In this manner, the upper portion 815 of the tubular member 806 
Is preferably radially expanded by the expansion cones 130, 230, and 325 with 
minimal shodc loads when the expansion cones 130, 230 and 325 exit the 
expandable tubular member 800. 

Referring to FIG. 9, a method of applying an axial feme to the expansion 

20 oones 130, 230, and 325 will now be described. The axial displaoement of the 
expansion oones 130, 230, and 325 during the radial expansion process Is provided 
by applying an axial force to the expansion oones 130, 230, and 325. The axial 
force provided includes the application of a substantially constant axial force for 
some tinne periods and the application of increased axial force for other tinie periods 

25 in order to optimally facilitate the radial expansion process by minimizing the effects 
of friction. The application of the Increased axial force is provided on a periodic 
t>asis in order to optimally provide a variable contact area between the expansion 
cone and the tubular member being expanded. The application of the Increased 
axial force is provided on a random basis in order to optimally provide a variable 

30 contact area between the expansion cone and the tubular member being expanded. 
The duty cyde of the application of constant and increased axial forces ranges from 
about 90/1 0 % to 60/40 % in order to optimally radially expand the tubular members. 
The ratto of the increased axial fbroe to the substantially constant axial fbroe ranges 
from about 1.5 to 1 to ^x>ut 4 to 1 in order to optimally provide a variable contact 

35 area between the expansion cone and the tubular member being expanded. 
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promote moie even wear of the expansion oone. and dean debris from the 

expansion cone surfece. 

Referring to FKSS. 10a to 101. an apparatus and method fbr forming a 
went)ore casing vifllnow be described. As iHustrated In FIG. 10a. a weBbore casing 
1000 and an open hole wellbore section 1005 aiB provided In a subterranean 
fbnnation 1010. The v«l!bore casing 1000 and open hole wePbore section 1005 
may be orientated at any orientation ranging from the vertical to the horizontal A 

new section of v^ellbore casing is fbm»d In the open hole v»ellbore section 1005 
using an apparatus 1015. More generally, the apparatus 1015 is utilized to fbmi. or 
repair VKellbore casings, pipefines. or stmclural supports. 

The apparatus 1015 preferably Includes a first support member 1020, a 
second support member 1025. an expansion cone 1030. an anchoring device 1035. 
an expandable tubuter member 1040. one or more upper sealing members 1045. 
one or more tower sealing members 1050. and a flexible coupling element 1055. 

The first support member. 1020 is preferably adapted to be coupled to a 
surface location. The Hist support member 1020 is further coupled to the anchoring 
device 1035. The first support member 1020 is prefeiBbiy adapted to convey 
pressurized fluidic materials and/or electrical current and/or communication signals 
from a surface location to the anchoring device 1035. The first support member 
1020 may. fbr example, be conventional commercially available slick wire, braided 
whe. colled tubing, or drilling stock material. 

The second support member 1025 is preferably adapted to be coupled to a 
surface k)catk)n. The second support member 1025 is further coupled to the 
expansion cone 1030. The second support member 1025 is preferably adapted to 
25 pemilt the expansion cone 1030 to l)eaxially displaced iBtetive to the first «^ 
member 1020. The second support member 1025 may. fbr exampte. be 
conventional commercially available slick wire. braMed wire, coiled tubing, or drilling 
stock material. 

The support member 1020 is telescoptaally coupled to the support member 
30 1025. and the support member 1025 Is coupled to a surface support member. 

T1» expanston cone 1030 Is coupled to the second support member 1025. 
The expansk« oone 1030 is preferably adapted to radially expand the expa«^ 
tubOter member 1040 when the expansion cone 1030 is axlaMy displaced lelalN^ 

the expandable tiibular member 1040. 
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The anchoring device 1035 is coupled to the first support member 1020. 
The anchoring device 1035 is preferably adapted to be controllably coupled to the 
expandable tubular member 1040 and the open hole weHbore section 1005. In this 
manner, the anchoring device 1035 preferably contrdlabiy anchors the expandable 
5 tubular member 1040 to the open hole vvelibore section 1005 to facilitate the radial 
expansion of 4he expandable tubular member 1040 by the axial displacement of the 
expansion cone 1030. 

The anchoring device 1035 includes one or more expandable elements 1 060 
that are adapted to controllably extend from the body of the anchoring device 1035 
10 to engage both the flexible coupling element 1055 and the open hole wetiboie 
section 1005. The expandable elements 1060 are actuated using fluidic pressure. 

The anchoring device 1035 further includes a fhiid passage 1036 adapted to 
receive a ball plug or other similar valving element In this manner, fluidic materials 
can be exhausted from the anchoring device 1035 and the fluid passage .1036 can 
15 be controllably plugged. The anchoring device 1035 is any one of the hydreuiidaHy 
actuated packers oomrnerdally available from HaHburton Energy Services or Baker- 
Hughes, modified in aooordanoe with the teachings of the present disclosure. 

The anchoring devices 135, 235, and 330 are also modified to includes a 
fluM passage that can be controlledily plugged in order to permH fluUte materials to 
20 be exhausted from the anchoring devnes 135, 235, and 330. 

The expandable- tubular member 1040 is removably coupled to the 
expanston cone 1030. The expandaUe tubular member 1040 is further preferably 
coupled to the flexible coupling element 1055. . 

The expandable tubular member 1040 further includes a kiwer sactkin 1065. 
25 an intermediate section 1070. and an upper section 1075. The tower sectton 1065 
is coupled to the flexible coupling element 1055 in order to provide anchoring at an 
end portton of the expandabte tubular member 1040. The waH thtokness of the 
lower and intermediate sections, 1065 and 1070, are less than the wall thickness of 
the upper sectton 1075 in order to optimally couple the radially expanded portton of 
30 the expandable tubular member 1040 to the wellbore casing 1O0O and the open 
hole wellbore sectton 1005. 

The expandable tubular member 1040 is further provided in accordance with 
the teachings of expandable tubular members described above and illustrated in 
FIGS. 5-8. 
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The upper sealing members 1045 are coupled to the outer surface of the 
upper portion 1075 of the expandable tubular member 1040. The upper sealing 
members 1045 are preferably adapted to engage and fluididy seal the interface 
between the radially expanded expandable tubular member 1040 and the wellbore 
casing 1000. The apparatus 1015 includes a plurality of upper sealing members 
1045. 

The tower sealing members 1050 are coupled to the outer surface of the 
upper portion 1075 of the expandable tubular member 1040. The lower sealing 
members 1050 are preferably adapted to engage and fluididy seal the interface 
between the radially expanded expandable tubular member 1040 and the open 
wellbore section 1005. The apparatus 1015 indudes a plurality of lower sealing 
menfibers 1050. 

The flexible coupling element 1055 is coupled to the lower portion 1065 of 
the expandable tubular member 1040. The flexible coupling element 1055 is 
preferably adaptad b radially expanded by the anchoring device 1035 into 
engagement wHhin the waHs of the open hole wellbore section 1005. In this 
manner, the lower portion 1065 of the expandable tubular member 1040 is coupled 
to the vyals of the open hole wellbore section 1005. The flexible coupling element 
1055 is a slotted tubular menrtber. The flexible coupling element 1055 indudes one 
or more hook elements for engaging the walls of the open hole wellbore section 
1005. 

As illustrated in FIG. 1(te, the apparatus 1015 is preferably positioned with 
the expandable tubular mernber 1040 positioned in overfapping lelation with a 
portion of the wellbore casing 1000. in this manner, the radially expanded tubular 
member 1040 Is ooupM to the bwer portion of the wellbore casing 1000. The 
upper sealing members 1045 are positioned in opposing relation to the lower portion 
of the wellbore casing 1000 and the lower sealing members 1050 are positioned in 
opposing relation to the walls of the open hole wellbore section 1005. In this 
manner, the internee between the radially expanded tubular member 1040 and the 
wellbore casing 1000 and open hole wellbore section 1005 is optimally fluididy 
sealed. 

As illustrated in FIG. 10b. A quantity of a non-hardenable fluidic material is 
then Injected into and then out of the apparatus 1015. The non-hardenable material 
is discharged from the apparatus 1015 using the valveable flow passage 1065. The 
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non-hardenable fluidic material may be any number of conventional commercially 
available fluidic materials such as, for example, drilling mud. 

As illustrated in FIG. 10c, A quantity of a hardenable fluidic sealing material 
Is then injected into and out of the apparatus 1015. The hardenable fluidic sealing 
5 material is exhausted from the apparatus 1015 using the valveable flow passage 
1065. Tlie hardenable fluidic sealing material is pennitted to completely fill the 
annular space between the tubular member 1040 and the open hole wellbore 
section 1005. The hardenable fluidic sealing , material may be any number of 
conventional commercially available materials such as. for example, cement, slag 

10 mix and/or epoxy resin. In this manner, a fluidic sealing annular element is provided 
around the radially expanded tubular member 1040. 

As illustrated in FIG. lOd. Another quantity of a non-hardenable fluidic 
material is then irijected bito and out of the apparatus 1015. A ball plug or dart 
1080. or other similar flukj passage blodwig device, is placed into the non- 

15 hardenable fluid material. The bait plug 1080 then seats iri and seals off the 
valveable fluid passage 1065. in this manner, the anchoring device 1035 is then 
pressurized to anchor the tubular member 1040 to the open hole wellbore section 
1005. 

The valveable fluid passage 1065 includes a remote or pressure activated 
20 valve for sealing off the valveable fluid passage 1065. 

As fflustratsd in FIG. lOe. The apparatus 1015 Is then anchored to the open 
hole wellbore section 1005 using the anchoring device 1035. The anchoring device 
1035 is pressurized and the expandable element 1060 is radially extended from the 
anchoring device 1035 causing the flexibie coupling element 1055 to radially expand 
25 into intimate cortiact with the walls of the open hole wellbore section 1005. In this 
msffmer. the lower section 1065 of the expandable tubular member 1040 is 
removably coupled to the walls of the open tK)le wellbore section 1 005. 

As illustrated in FIG. lOf. the expansion cone 1030 is then axially displaced 
by applying an axial force to the second support member 1025. The axial 
30 dteplaoement of the expansion cone 1030 radially expands the expandable tubular 
member 1040 into intimate contact with the walls of the open hole wellbore section 
1005. 

As fliustrated in FIG. lOg. the axial displacement of the expansion cone 1030 
is enhanced injecting a pressurized fluidic material into the anmdar space 
35 between the first support member 1020 and the second support member 1025. in 
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this manner, an upward axial force is applied to the loywr annular fece of the 
expansion cone 1030 using the pressurized fluWic material. In this manner, a 
temporary need for inciBased axial force during the radial expansion pitx^ 

easily satisfied. 

The hardenable fluWIc sealing material is then pennltled to at least partial 

cure. 

As aiustrated In FIGS. lOh and 101. after the expandable tubular member 
1 040 has been radially expanded by the axial displacement of the expansion cone 
1 030. the first support member 1020 and the anchoring device 1035 are preferably 
rem»«d from expandable tubular member 1040 by dei)ressuriz^ 

device 1035 and then lifting the firel support member 1020 and anchoring device 
1035 from the vvellboTB casing 1000 and the open hole wellbocB section 1005. 

The resulting nev» section of vi«llbore casing includes the radially expanded 
tubular meinber 1040 and the outer annular layer of the cured fUMdIc sealing 
15 material, in this manner, a new section of v^ellbom casing is optimaBy provided 
More generally, the apparatus 1015 is used to fbm™ and/or repair weOborecasI^ 

pipelines, and structural supports. 

Referring to FIGS. 11a to 11g. an apparatus and method for ooupHng an 
expandable tubular member to a preexisting stniclure will now be described. 
20 Referring to Fig. 1 1a. a wellbore casing 1 100 is positioned wItWn a suWemmean 
fonnation 1105. The wellbore casing 1100 may be positioned In any orientation 
from the vertical direction to the horizontal direction. The weUboce casing 1100 
further includes one or more openings 1110 that may have been the lesull of 
unintentional damage to the wellbore casing 1 100. or due to a prior peffomBon or 
25 fracturing operation perfonned upon the surrounding subteitanean fttmaHon 1105. 
As virtll be recognized by persons having ordinary sklB In the art. the openings 1110 
can adversely affect the subsequent operatton and use of the weUbwe casing 1 100 

unless they are sealed off. 

An apparatus 1115 Is utilized to seal off the openings 1110 In the weHbore 
30 casing 1100. More generally, the apparatus 1115 Is preferably utiHzed to fern* or 

repair vMellbore casings, pipelines, or stnjctural supports. 

The apparatos 1115 preferably Includes a first support member 1120, a 
second support member 1125. an expanston cone 1130. an anchoring device 1135. 
and expandabte tubular member 1 1 40. and one or more sealing members 1 145. 
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The first support member 1120 is preferably adapted to be coupled to a 
surface location. The first support member 1 120 is further coupled to the anchoring 
device 1135. The first support memt)er 1120 is preferably adapted to convey 
pressurized fluidic materials and/or electrical current and/or communication signals 
5 from a surface location to the anchoring device 1135. The first support member 
1120 preferably has a substantially hollow annular cross secUonal shape. The first 
support nr^mber 1120 may, for exanfY>le. be febricated from conventional 
commercially available slick wire, braided wire, coiled tubing, or drilling stock 
material. 

10 The second support member 1 125 is preferably adapted to be coupled to a 

surfeoe k>catk>n. The second support member 1125 is furtt>er coupled to the 
expanston cone 1130. The second support member 1125 is prefmbly adapted to 
permit the «xpansk>n cone 1 130 to be axially displaced reiattve to the first support 
member 1120. The. second support member 1125 may, for example, be 

15 conventional commercially available slick wire, brakled wire, coiled tubing, or drilling 
stock niaterfal. 

The first support member 1120 is coupled to a surfeoe tocatton by a slip Joint 
and/or sIMing sleeve apparatus that is concentrically coupled to the second support 
memt>er 1125. 

20 The expansk>n cone 1130 is coupled to the second support member 1125. 

The expansion cone 1 130 is prefierably adapted to radially expand the expandat)ie 
tubular member 1 140 when the expanston cone 1 130 is axially dtsplaoed relative to 
the expandable tutnjiar member 1 140. 

The anchoring device 1135 is coupled to ttie first support member 1120. 

25 The anchoring device 1135 is preferably adapted to be controHably coupled to ttie 
expandable tubular m6rT4}er 1 140 and the wellbore casing 1100. In ttiis manner, Uie 
anchoring device 1135 preferably controllably anchors tiie expandable tubular 
memt>er 1 140 to ttie wellbore casing 1100 to facilitate the radial expansion of the 
expandable tubular member 1140 by ttie axial displacement of ttie expansion oone 

.30 1130. The anchoring device 1135 includes one or rnors expandable elements 1150 
that are adapted to controllably extend from the body of ttie anchoring device 1 135 
to engage ho\h the expandable tubular member 1 140 and the wellbore ciaising 1100. 
The expandable elements 1150 are actuated using fluklic pressure. The anchoring 
device 1 135 is any one of the hydraulically actuated packers commerciaily available 
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from Halliburton Energy Services or Baker-Hughes modified in accordance with the 
teachings of the present disclosure. 

The expandable tubular member 1140 is removably coupled to the 
expansion cone 1130. The exparKteble tubular nriember 1140 is further preferably 
5 adapted to be removably coupled to the expandable elements 1 1 50 of the anchoring 
deN^oe 1135. The expandable tubular member 1140 includes one or more 
anchoring windows 1155 for pemiitting the expandable elements 1150 of the 
anchoring device 1135 to engage the wellbore casing 1100 and the expandable 
tubular member 1140. 

10 The expandable tubular member 1 140 further includes a lower section 1 160, 

an intemfiediate section 1165, and an upper section 1170. The lower section 1160 
rests upon and is supported by the expansion corie 1 130. The intermediate section 
1165 includes the anchoring windows 1155 in order to provide anchoring at an 
intermediate portion of the expandable tubular HM 

15 The sealing nrmmbers 1145 are coupled to the outer surface of the 

expandable tubular member 1140. The sealing members 1145 are preferably 
adapted to engage and fHiidicly seal the intertaoe between the radially expanded 
exparKlable tubiriar member 1140 and the wellbore casing 1100. The apparatus 
1115 includes a plurality of sealing members 1145. The sealing members 1145 

20 sunound and isolate the opening 1110. 

As illustrated in FIG. 11a. the apparatus 1115 is preferably positioned within 
the wellbore cashg 1100 with the expandable tubular menrter 1140 positioned In 
opposing relation to the opening 1110. The apparatus 1115 includes a plurality of 
sealing members 1145 that are positioned above and below the opening 1110. In 

25 this nranner, the radial expansion of the expandat>le tubular member 1 140 optimally 
fluididy isolates the opening 1110. 

As illustrated In FIG. 11b^ the apparatus 1115 is then anchored to the 
weHbore c»ing 1 100 using the anchoring device 1 1 35. the anchoring device 1 135 
is pressurized and the expandable element 1150 is extended from the anchorirtg 

30 device 1135 through the corresponding anchoring window 1155 in the expandable 
tubular member 1140 into intimate contact with the wellbore casing 1100. In this 
manner, the intermediate section 1165 of the exparKlable tul>ular memt)er 1140 is 
removat>ly coupled to the w^lbore casing 1 100. 

A compressible cement and/or epoxy is then injected into at least a portion of . 

35 the annular space between the urtexparxled portion of the tulHJIar member 1 140 and 
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the wellbore casing 1100. The compressible cement and/or epoxy is then pemiitted 
to at least partially cure prior to the initiation of the radial expansion process. In this 
manner, an annular structural support and fluidic seal is provided around the tubular 
member 1140. 

5 As illustrated in FIG. 1 1c The expansion cone 1 1 30 is then axially displaced 

by applying an axial force to the second support member 1125. The axial 
displacement of the expansion cone 1 130 radially expands the bwer section 1 160 of 
the expandable tubular member 1140 into intimate contact with the walls of the 
wellbore or the wellbore casing 1 100. 

10 As illustrated in FIG. lid, The axial displacement of the expansion cone 

1130 is stopped once the expansion cone 1130 contacts the lower portion of the 
anchoring device 1 135. 

As Hlustrated in FiG. 1 1e, The anchoring device 1 135 is then decoupled from 
the wellbore casing 1 100 and the expandable tubular mennber 1 140. 

15 As iUustrated in FIG. 1 1f, The axial dispiacement of the expansion cone 

is then resumed. The anchoring device 1135 is also axial displaced. In this 
. manner, the lower section 1160 of the expandable tubular member 1140 is aetf- 
anchored to the wellbore casing 1100. The lower sectton 1160 of the expandable 
tubular member 1140 includes one or more outer rings or other coupling members 

20 to fadRtate the seif«anchoring of the lower section 1160 of the expandable tubular 
member 1 140 to the wellbore or the wellbore casing 1 1 00. 

As illustrated in FIGS. 11g, after the expandable tubular member 1140 has 
been completely radially expanded by the axial displacement of the expansion cone 
1130, the 1110 in the wellbcMe casing 1100 is sealed off by the radially expanded 

25 tubular member 1140. In this manner, repairs to the wellbore casing 1100 are 
optimally provided. Mcue generally, the apparatus 1115 is used to repair or form 
wellbore casings, pipelines, and stnjctural supporte. The Inside diameter of the 
radially expanded tubular member 1 140 is substanttelly constent 

Referring to FIGS. 12a to 1 2d. an apparatus and method for coupling an 

30 expandable tubular member to a preexisting structure will now be described. 
Refemng to Fig. 12a, a wellbore casing 1200 is positioned within a subterranean 
formation 1205. The wellbore casing 1200 may be positioned in any orientation 
from the vertical direction to the horizontal direction. The welltXMB casing 1200 
further includes one or more openings 1210 that may have been the result of 

35 urtintentional damage to Vhe welbore casing 1200, or due to a prior perforation or 
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fracturing operation performed upon the surrounding subtenanean formation 1205. 
As will be recognized by persons having ordinary skill in the art, the openings 1210 
can adversely affect the subsequent operation and use of the welibore casing 1200 
unless they ate sealed off. 
5 An apparatus 1215 is utilized to seal off the openings 1210 in the welibore 

casing 1200. More generally, the apparatus 1215 is preferably utilized to fbmt or 
repair welibore casings, pipelines, or structural supports. 

The apparatus 1215 preferably includes a support member 1220. an 
expandable expansion cone 1225, an expandable tubular member 1235. and one or 

10 more saaKng members 1240. 

The support nwmber 1220 is preferably adapted to be coupled to a surfeoe 
location. The support memberl 220 Is fuilher coupled to the expandable expansion 
cone 1225. The support menriser 320 is preferably adapted to convey pressurized 
fliiidic materials and/or electrical currerit andfor oomnHjnication signals from a 

15 surface location to the expandable expansion cone. The support member 1220 
may. for example, be conventional commercially avsdiable slick wire, biakled wire, 
coiled tubing, or drilling stock material. 

The ffiq>andable expanston cone 1225 is coupled to the support member 
1220. The expandatde expansion cone 1225 is preferably adapted to ratKalV 

20 expand ttie expandable tubular member 1235 when the expandable expansion cone 
1225 Is axially displaced relative to the expandable tubular member 1235. The 
expandable expanston cone 1225 is further preferably adapted to radially expand at 
least a portton of the expandable tubular member 1235 when ttie expandable 
expansion cone 1225 is controllably radially expanded. The expandable expanston 

25 cone 1225 may be any nun^ of conventtonal conunera'aily available radially 
expandable expanston cones. The expandable expansion cone 1225 is provided 
substantially as discfosed in U.S. Patent No. 5,348.095. the disctosure of which is 
incorporated herein by reference. 

. The expandable tubular member 1235 is removably coupled to the 

30 expanston cone 1225. The expandable tubular member 1235 includes one or more 
engagement devices 1250 that are adapted to coupto with and penetrate the 
welibore casing 1^. in this manner, the expandabte tubular member 1235 is 
optimally coupled to the welibore casing 1200. The engagement devices 1250 
induGto teeth for l^ttog into the surface of the welibore casing 1200. 



34 



The expandable tubular member 1235 further includes a lower section 1255, 
an intermediate section 1260. and an upper section 1265. The lower section 1255 
Includes the engagenient devices 1250 in order to provide anchorir^ at an end 
portion of the expandable tubular member 1235. The waD thickness of tt» tower 

5 and Intermediate sections, 1255 and 1260. are less than the wall ttiickness of the 
upper section 1265 in order to optimally fadlitata the radial expansion of tt» lower 
and intermediate sections, 1255 and 1260. of the expandable tubular member 1235. 
The lower section 1255 of the expandable tubular meinber 1235 Is stated in 01^ 
optimally facilitate the radial expansion of the lower section 1255 of ttie expandable 

10 tubular member 1235 using the expandable expansion oone 1225. 

The seating menders 1240 are preferably couited to the outer surface of the 

upper portion 1265 of the expandable tubular member 1235. The sealing members 
1240 are preferably adapted to engage and fluldidy seal ttie interface between the 
radlaNy expanded expandjable tubular menriber 1235 and the weflbore casing 
15 The apparatus 1215 includes a plurality off seating members 1240. The sealing 
membere 1240 surround and Isolate ttie opening 1210. 

As HhBtrated in FIG. 12a, the apparatus 1215 is preferably positioned, within 
the wellbore casing 1200 wtth the expandable tubular member 1235 positioned in 
opposing relation to the opening 1210. The apparatus 1215 Includes a plurality of 
20 seaBrig membere 1240 tiiat are positioned above and below ttw opening 1210. In 
this manner, the radial expansion of ttie expandable tubular member 1235 optimally 
fluldidy isolates the opening 1 210. 

As Illustrated In FIG. 12b. Vna expandable tubular member 1235 of the 
apparatus 1215 Is then anchored to ttie wellbore casing 1200 by expanding ttw 
25 expandable expansion cone 1225 Into contact with the lower section 1255 of tt» 
expandable tubular member 1235. The lower section 1255 of ttie expandable 
tubular member 1235 is radially expanded into Intimate contact witti ttw wejlbore 
casing 1200. The engagement devices 1250 are ttiereby coupled to, and at least 
partially penetrate Into, ttte v»«llbore casing 1200. In ttiis manner, ttie lower section 
30 1255 of ttie expandable tubular member 1235 is optimally coupled to ttie wellbore 
eating 1200. 

A compressible cement and/or epoxy is then injected into ttie annular space 
between ttie unexpended portion of ttie tubular member 1235 and ttie wellbore 
casing 1200. The compressible cement and/or epoxy may ttien be penrttted to at 
35 least partially cure prior to ttie Initiation of ttie radial expansion process. In ttils 
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manner, an annular structural suf^ smd fluldic seal is provided around the tubular 
member 1235. 

As illustrated in FIG, 12c the expandable expansion cone 1225 is then 
axially displaced by j^plying an axial force to the support nnember 12»). The axial 
5 displacement of the expansion cone 1225 radially expands the expandable tubular 
member 1235 into intimate contact with the walls of the wellbore casing 1200. 

As illustrated in FIG. 12d, After the expandable tubular member 1235 has 
been radially expanded by the axial, displacement of the expandable expansion 
cone 1235. the opening 1210 in the wellbore casing 1200 is sealed off by the 
10 radially expanded tubular member 1235. In this manner, repairs to the wellbore 
casing 1200 are optimally provided. More generally, the apparatus 1215 is used to 
repair or form wellbore casings, pipelines, and structural supports. 

Referring to FIGS. 13a to 13d, an apparatus and method for coupling an 
expandable tubular member to a preexisting structure wU now be described. 
15 Refening to Fig. 13a, a wellbore casing 1300 is positioned within a subterranean 
formation 1305. The weDbore casing 1300 may be posHioned In any orientation 
. from the vertical diredion to the horizontal dirsction. The weHbora caaing 1300 
further includes one or more openings 1310 that may have been the result of. 
unintentional damage to the wellbore casing 1300. or due to a prior perforation or 
20 fracturing operation performed upon the surrounding subterranean formation 1305. 
As win be reco^iizsd by persons having ordinary skill in the art, the openings 1310 
can adversely affect the subsequent operation and use of the wellbore casing 1300 
unless they are sealed off. 

An apparatus 1315 is utUized to seal off the openings 1310 in the wellbore 
25 casing 1300. More generally, the apparatus 1315 is preferably utilized to forni or 
repair wellbore casings, pipelines, or stnjctural supports. 

The apparatus 1315 preferably includes a support men^r 1320. an 
expansion cone 1325, an expandable tubular member 1335. a heater 1340. and one 
or mom sealing members 1345. 
30 The support member 1320 is preferably adapted to be coupled to a surface 

location. The support member 1320 is further coupled to the expansion cone 1325. 
The support member 1320 is preferably adapted to convey pressurized fluidic 
materials and/or etodrteal cunnent and/or oonvnunication signals from a surface 
location to the expansion cone 1325 and heater 1340. The support member 1320 
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may. for example, be conventional commercially available slick wire, braided v>rlre. 
coiled tubing, or drilling stock material. 

The expanston cone 1325 is coupled to the support nnember 1320. The 
expansbn cone 1325 is preferably adapted to radially exparKi the expandable 
tubular member 1335 when the expanston cone 1325 is axially displaoed relative to 
the expandable tubular member 1335. The expansion cone 1325 may be any 
number of conventtonal commerdally available expansion cones. 

The expandable tubular member 1335 is removably coupled to the 
expansion cone 1325. The expandable tubular member 1335 includes one or more 
engagement devk»s 1350 that are adapted to couple with and penetrate the 
weHbore casing 1300. In this manner, the expandable tubular member 1335 Is 
optimally coupted to the wellbore casing 1300. The engagement devtoes 1350 
include teeth for biting into the surface of the wellbore casing 1300. 

The expandable tubular member 1335 further Includes a tower section 1 355. 
an mtennedlate secBon 1360, and an upper section 1365. The tower section 1355 
indudas the engagement devices 1350 m order to provide anchoring at an end 
portion of the expandable tubular member 1335. The wall thickness of the lower 
and intemiedtale sedtons. 1355 and 1360. are less than the wall thickness of the 
upper sectton 1365 m older to optimally facflitate the radial expansion of the lower 
and Intennediate sections. 1355 and 1360. of the expandable tubular member 1 335. 

The lower sedton 1355 of the expandable tubular member 1335 indudes 
one or more shape memory metal inserts 1370. The inserts 1370 are adapted to 
radially expand the lower sedton 1355 of the expandable tubular member 1335 into 
intimate contad wHh the weilboie casing 1300 when heated by the heater 1340. 
The shape memoiy metal inserts 1370 may be fabricated from any number of 
conventional commerdally available shape memory alloys sudi as. for example. 
NiTi or NITiNOL using conventional fonning processes sudi as. for example, those 
described in U.S. Patert Nos. 5.312.152. 5.344.506. and 5.718.531. the disdosures 
of whldi are Incorporated herein by reference. In this manner, the shape memory 
30 metal inserts 1370 preferably radially expand the tower sectton 1355 of the 
expandable tubular member 1335 when the Inserts 1370 are heated to a 
temperature above their translomurtton temperature using the heater 1340. Tl« 

transfbmiatton temperature of the inserts 1370 ranges from about 250- F to 450^ F. 
The material composition of the tower sedton 1355 of the expandable tubular 
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member 1335 is further selected to maxirrtze the radial expansion of the lower 
section 1355 during ttie transfonretlon process. 

The inserts 1370 are positioned within one or more corresponding recesses 
1375 provided in the lower section 1355 of the expandable tubular member 1335. 
5 AltemaHvely. the inserts 1370 are completely contained within the lower section 
1355 of the expandable tubular member 1335. 

The heater 1340 is coupled to the support member 1320. The heater 1340 
Is preferably adapted to controllably generate a localized heat source for elevating 
the temperature of the inserts 1370. The heater 1340 indudes a conventional 
10 themiostat control in order to control the operating temperature. The heater 1340 is 
preferably controlled by a surface control device in a conventional manner. 

The sealing members 1 345 are preferably coupled to the outer surtece of the 
upper portion 1365 of the expandabte tubular member 1335. The sealing members 
1345 are preferably adapted to engage arid fluididy seal the inteifaca between the 
15 radlaUy expanded expandabte tubular member 1335 and the wellbore casing 1300. 
The apparatus 1315 indudes a plurality of sealing members 1345. The sealing 
members 1345 surround and Isoteto the opening 1310. 

As illustrated in FIG. 13a. the apparatus 1315 is preferably positioned within 
the wellbore casing 1300 with the expandabte tubular member 1335 positioned in 
20 opposing rstetion to the opening 1310. The apparatus 1315 includes a pktraMy of 
sealing members 1345 that are positfoned above and below the opening 1310. In 
this manner, the radial expiansion of the expandable tubular member 1335 opUmally 
fluMidy isotetes the opening 1310. 

As illustrated in FIG. 13b. The expandabte tubular member 1335 of the 
25 apparatus 1315 is then anchored to the wellbore casing 1300 by radtelly expanding 
the inserts 1370 using the heater 1340. The expansion of the inserts 1370 causes 
the lower section 1355 of the expandabte tubular member 1335 to contad the 
weRbore casing 1300. The engagement devices 1350 are thereby coupled to. and 
at least partially penetrate into, the wellbore casing 1300. In this manner, the lower 
30 section 1355 of the expandable tubuter member 1335 is <^)timally coupled to the 
wellbore casing 1300. 

A compressible cement and/or epoxy is then Irijected into the annular space 
between the unexpended portion of the tubular member 1335 and the wellbore 
casing 1300. The compressible cement and/or epoxy may then be pennitted to at 
35 teast paittelly cure prior to the initiation of the radial expansion process. In this 
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manner, an annular structural support and fluidic seal is provided around the tubular 
member 1335. 

As Illustrated in FIG. 13c. the expansion cone 1325 is then axlally dJsplaced 
by applying an axial force to the support member 1320. The axial displaoement of 
the expansion cone 1325 radially expands the expandable tubular member 1335 
into intimate contact with the walls of the wellbore casing 1300. 

As illustrated in FIG. 13d. After the expandable tubular member 1335 has 
been completely radially expanded by the axial displacement of the expansion cone 
1335. the opening 1310 In the wellbore casing 1300 is sealed off by the radially 
expamled tubular member 1335. In this manner, repairs to the wellbore casing 
1300 are optimally provided. More generally, the apparatus 1315 Is used to repair 
or form wellbore casings, pipelines, and structural supports. 

Referring to FIGS. 14a to 14g. an apparatus and method for coupling an 
expandable tubular merhber to a preexisting stmcture win now be described. 
15 Referring to Fig. 14a. a wellbore casing 1400 is positioned within a subterranean 
formation 1405. The wellboie casing 1400 may be positioned in any orientation 
irom the vertical direction to the horizontal direction. The wellbore casing 1400 
further Includes one or more openings 1410 that may have been the resuH of 
unintentional damage to the wellbore casing 1400. or due to a prior perforation or 
20 fracturing operation pertbrmed upon the surrounding subterranean fomwtion 1405. 
As will be recognized by pereons having ordinary skill in the art. the openings 1410 
can adversely affect the subsequent operation and use of the wellbore casing 1400 
unless they are sealed off. 

An apparatus 1415 is utilized to seal off the openings 1410 in the vrellbore 
25 casing 1400. iwtore generally, the apparatus 1415 Is preferably utyized to form or 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 1415 preferably includes a firet support member 1420. a 
second support member 1425. a coupfing 1430. an expandable tubular member 
1435, an expansion cone 1440. a third support member 1445. and a padter 1460. 
30 The firet support member 1420 Is preferably adapted to be coupled to a 

surface location. The support member 1420 Is further coupled to the expansion 
cone 1440. The firet support member 1420 is preferably adapted to fx«mf 
pressurized fluldte n«terials and/or electrical current and/or communication signals 
ftam a surface tocation to the expansion cone 1440 and the packer 1450. Thefiist 
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support member 1420 may, for example, be oonventior^l commerdaily available 
slick wire, braided wire, coiled tubing, or drillirig stock material. 

The second support member 1425 is preferably adapted to be coupled to a 
surface kxatton. The support member 1425 is further coupled to the coupling 1430. 
5 The first support member 1425 is preferat^ adapted to convey pressurized fluidic 
nfiaterials and/or electrical current and/or communcatk>n signals from a surface 
location to the coupling 1430. The second support member 1425 may, for example, 
be conventk)nal commercially available slick wire, brakted wire, coiled tubing, or 
drilling stock material. 

10 The coupling 1430 is coupled to the second support member 1425. The 

coupling 1430 is further preferably removably coupled to the expandable tubular 
member 1435. The coupling 1430 may be any number of conventional 
commerdaily available passive or actively oontroHed coupling devices such as, for 
exarnple, packers or slips. The oxipling 1430 is a mechanical sHp. . 

15 The expandable tubular member \A3S is removably coupled to the coupling 

1430. The expandable tubular member 1435 inchjdes one or more engagement 
devices that are adapted to couple with and penetrate the weUbo^ In 
this manner, the expandable tubular member 1435 is optinmlly coupled to the 
weilbore casing 1400; The engagement devtoes Inchide teeth for biting into the 

20 surfece of the weilbore casing 1400. The expandable tubular member 1435 further 
includes one or more sealing members on the outskle surface of the expandable 
tubular member 1435 in order to optimally seal the interface between the 
expandable tubular member 1435 and the weilbore casing 1400. 

The expansion cone 1440 is coupled to the first support member 1420 and 

25 the third support member 1445. The expanston cone 1440 is preferably adapted to 
radially expand the expandable tubular member 1435 when the expanston cone 
1440 is axialiy displaced relative to the expandable tubular menrtber 1 435. 

The third support member 1445 is preferably coupled to the expansion cone 
1440 and the packer 1450. The third support member 1445 is preferably adapted to 

30 convey pressurized flukJic materials and/or electrical current and/or communk:ation 
signals from a surface kx:atk)n to the packer 1450. The third support niemt)er 1445 
may, for example, be conventtonal commerdaily available sUck wire, brakled wire, 
odled tubing, or drilling stock material. 

The packer 14S0 is coupled to the third support memt>er 1445. The packer 

35 1450 is further preferably adapted to dontroUably coupled to the weltoore casing 
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1400. The packer 1450 may be any number of conventional commercially available 
packer devices. A bladder, slipped cage dssentOy or hydraulto slips may be 
substituted for the packer 1450. 

As illustrated in FIG. 14a, the apparatus 1415 is preferably positioned within 
5 the wellbore casing 1400 with the bottom cH the expandable tubular member 1435 
and the top of the expansion cone 1440 positioned proximate the opening 1410. 

As illustrated in FIG. 14b. The packer 1450 is then anchored to the wellbore 
casing 1400. In thte manner, the expanskNi cone 1440 is maintained in a 
substantially stattonary positkm. 

10 As ilhjstrated in FIG. 14c. The expandable tubular member 1435 is then 

lowered towards the stattonary expansion cone 1440. As illustrated in FIG. 14d. the 
lower end of the expandable tubular member 1435 impacts the expanskm cone 
1440 and is rMlially expanded into contact wNh the wellbore casing 1400. The lower 
end of the expandal>le tubular member 1435 Inchjdes one or more engagement 

15 devices for engaging the wellbore casing 1400 in order to optimally doupla the erxJ 
of the expandable tubular member 1435 to the wellbore casing 1400. 

A compressible cement and/br epoxy is then injected into the annular space 
between the unmpmded portion of the tutnOar member 1435 and the wellbore 
casing 1400. The compressible cement and/br ep(»(y is then pemiitted to at least 

20 partially cure prior to the initiathm of the ladialexpanston process. In this manner, 
an annular stmctural support CHid fluidk: seal is provided around the tubular member 
1435. 

As Uustrated in FIG. 14e. The packer 1450 is decoupled from the wellbore 
casing 1400. 

25 As illustrated in FIG. 14f. The expansion cone 1440 is then axiallydispiaoed 

by applying an axial foroe to the first support member 1420. The axial displacement 
of the expanskNi oone 1440 radially expands the expandable tubular member 1435 
into intimate contact with the walls of the wellbore casing 1400. Prior to the initiatfon 
of the axial displacement of the expansion oone 1440, the coupling 1430 is 

30 decoupled from the expandabte tibuiar meirtier 1430. 

As Illustrated in FIG. .14g. After the expandable tubular member 1435 has 
been completely radially expanded by the axial displacement of the expanston cone 
1440. the opening 1410 in the wellbore casing 1400 is sealed off by the radially 
expanded tubular menter 1435. In this manner, repairs to tfw welltMxe casing 
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1400 are optimally provided. More generally, the apparatus 1415 is used to repair 
or form welllwre casings, pipelirws, and structural supports. 

Referring to FIGS. 15a to 15d, an apparatus for coupling an expandable 
tubular mender to a preexisting structure will now be described. Referring to Fig. 
5 15a, a wellbore casing 1500 is positioned within a subterranean (bmraUon 1S05. 
The wellbore casing 1500 may be positioned in any orientation from the vertical 
direction to the horizontal direction. The weilbore casing 1500 further Includes one 
or more openings 1510 that may have been the result of unintentional damage to 
the weUboie casing 1500i or due to a prior perfwation or fracturing operation 
10 perfomwd upon the surrounding subterranean formation 1505. As wHI be 
recognized by persons having ordinary slaH In the art. the openings 1510 can 
adversely affect the subsequent operation and use of the weltoore casing 1500 
unless they are seded off. 

An apparatus 1515 Is utilized to seal off the openings 1510 in the welfcore 
15 casing 1500. More generally, the apparatus 1515 te preferably utilized to form or 
repair weBbore casings, pipelines, or structural supports. 

The apparatus 1515 preferably includes a support inember 1520. an 
expandable tubular member 1525, an expansion cone 1530, a coupling 1535. a 
resOient anchor 1540. and one or more seals 1545. 
20 The support member 1520 is preferably adapted to be coupled to a surface 

location. The support member 1520 Is further coupled to the expansion cone 1530. 
The support member 1520 is preferably adapted to convey pressurized fluidic 
materials and/or electrical current and/or oomnrwnication signals from a surface 
location to the resilient anchor 1540. The support member1520 may. for example. 
25 be conventional commercially available slide wire, braided wire, coiled tubing, or 

drilling stock material. 

The expandable tubular member 1525 is removably coupled to the 
expansion cone 1530. The expandabletubular member 1525 includes one or more 
engagement devices that are adapted to couple with and penetrate the wellbore 
30 casing 1500. In this manner, the expandable tubular member 1525 Is optimally 
coupled to the wellbore casing 1500. The engagement devices include teeth for 
biting into the surface of the weObOTB casing 1500. The expandable tubular member 
1525 further indudes one or more sealing members 1545 on the outside surface of 

the expandable tubular member 1525 In order to optimally seal the mterfaoe 
35 bet¥»en the expandable tubular member 1525 and the weflbore casing 1500. 
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The expandable tubular member 1525 Includes a lower section 1550, an 
Intermediate section 1555, and an upper section 1560. The wall thicknesses of the 
lower and intermediate sections, 1550 and 1555. are less than the wall thickness of 
the upper section 1560 in order to optlmaHy fedRtate the rwiial expanskm of the 
5 expandable tubular mornbw 1525. The seaHng menibers 1545 are provkled on the 
outside surface of the upper section 1560 of the expandable tubular niember 1525. . 
The resilient anchor 1540 is coupled to the knwer section 1550 of the expandable 
tubular nwmber 1525 in order to optimally anchor the expandable tubular member 
1525 to the wallbore casing 1500. 

10 The expanskMi cone 1530 Is coupled to the support member 1520 and the 

coiq)ling 1535. The expanshm oone 1530 is prefiBFabiy adapted to radially expand 
the expandable tubular member 1^ when the expanston oone 1530 Is axially 
displaced relative to the expandable tubular member 1525. Tbe expanston oone 
1530 may be arqr nurTd)er of conventional oommercta 

15 The coupling 1535 la prafeiably coupled to the support mismbiBr 1520, the 

expansion oone 1530 and the resilient anchor 1540. The coupling 1535 Is 
preferably adapted to convey pressurized fluUlc materials and/or etedrical current 
and/or oommuntoation signals fiPom a surface tocatton.tp the resilient anchor 1535. 
The coupling 1535 may, for example, be conventional commercially available sHck 

20 wire, braUed wire, coiled toWng. or drilling stock material. The coupling 1535 Is 
decoupled from the resilient anchor 1540 upon Initiating the axial displacement of 
ttie expanston cone 1530. 

The resilient anchor 1540 is preferably coupled to the tower sectton 1550 of 
the expandable tubular member 1525 and the coupling 1535. The resilient anchor 

25 1540 is further preferably adapted to be controHably coupled to the weiiboie casing 
1500. 

Referring to FIGS. 16a and 16b. The resilient anchor 1540 Includes one or 
more coOed resilient members 1600 and corresponding releasabie coupling devices 
1605. The resilient anchor 1540 is maintained in a compressed elastic positton that 

30 is controllably released thereby causing the resilient anchor 1540 to expand In size 
thereby releasing the elastic energy stored within the resilient anchor 1540. As 
illustrated in FIG. 16b. when the coupling devtoe 1605 is released, the coiled 
resilient member 1600 at least partially unooOs In the outward radial diredton. At 
least a portion ofthe colled meniber 1600 Is coupled to the tower eectton 1550 of the 

35 expandable tubular member 1525. The uncofled member 1600 thereby couples the 
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lower sector) 1550 of the expandable tubular member 1525 to the weittxxe casing 
1500. 

The coiled member 1600 may be fabricated from any number of 
conventional commercially available resilient materials. The coiled member 1600 is 
5 fabricated from a resilient material such as. for example, spring steel. The coiled 
member 1600 is fabricated from memory metals in order to optimally provide control 
of shapes and stresses. 

The releasable coupling device 1605 maintains the ooHed member 1600 is a 
coned position unty the device 1605 is released. The releasable coupling device 
10 1605 may be any number of conventional commercially available releasable 
coupling devices such as. for example, an explosive bolt. 

The resilient anchor 1540 nrwy be positioned in any desired wfentation. The 
resiiBnt anchor 1540 is positioned to apply the maximum nomnal force to the walls 
of the wBllbpre casing 1500 after releasing the resilient anchor 1540. 
15 As Illustrated In FIGS. 17a and 17b. the iesUient anchor 1540 includes a 

tubular meinber 1700, one or mora resHlent anchoring members 1705. one or more 
oonesponding rigid attachments 1710, and one more oonesponding releasable 
attachments 1715. The resilient anchoring memtiers 1705 . are maintained in 
compressed elastic condition by the oonesponding rigid and releasable 
20 attachments. 1710 and .171S. When the oonesponding releasable attachment 1715 
is released, the corresponding resilient anchoring member 1705 expands, releasing 
the stored elastic energy, away from the tubular memb«- 1 700. 

As illustrated in FIG. 17a. one end of each resilient anchoring member 1705 
is rigidly attached to the outside surface of the tubidar member 1700 by a 
25 corresponding rigid attachment 1710. The other end of each resilient anchoring 
member 1705 is removably attached to the outside surface of the tubular member 
1700 by a conesponding releasable attachment 1715. As illustrated in FIG. 17b. 
releasing the releasable attachment 1715 pemnits the resifient energy stored in the 
resilient anchoring member 1705 to be released thereby causing the resilient 
30 anchqrftig member 1 705 to swing radially outward firom the tubular member 1700. 

The tubular member 1700 may be fabricated from any number of 
conventional materials. 

The resiOent anchoring members 1705 may be febricated from any number 
of resilient materials. The resilient anchoring members 1705 are fabricated from 
35 memory metafni order to optimally provide control of shapes and stresses. 
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The rigid attachments 1710 may be fabricated from any number of 
conventiorial oommeitially avaHable materials. The rigid attachments 1710 are 
fabricated from 4140 steel In order to optimaHy provide tdgh strength. 

The reieasabie attachments 1715 may be fabricated fhom any number of 
5 conventional commerdally availabie devices such as. for example. e)9io8ive bolls. 

As illustrated in FIGS. 18a and 18b. the rasDient anchor 1540 includes a 
tubular member 1800, one or more anchoring devices 1805. one or more resilient 
membere 1810. and one or more release devices 1815. The anchoring devices 
1805 and resWent membere 1810 are maintained in a compressed elastic position 
10 by the release devices 1815. As illustrated in FIQ. 18b. When the release devices . 
1815 are removed, the anchoring devices 1805 and resilient members 1810 are 
pemnitled to expand outwardly In the radial direcOon. 

The tubular member 1800 prsferabiy includes one or more qDenings 1820 
for containing the release devices 1815 and for pemnltting the anchoring devices 
15 1805 to pass thrcxjgh. The. tubular member 1800 may be fabricated from any 
mimber of conventional commercially available materials. The tubular member 
)800 is fabricated from 4140 steel in order to optimally provide high strength. 

The anchoring devices 1805 are housed within the tubular member 1800. • 
The anchoring devices 1805 are preferably adapted to at least paitiany extend 
20 through the corresponding openings 1820 in the tubular member 1800. The 
anchoring devices 1805 are preferably adapted to couple to, and at least partially 
penetrate, the surface of the welibore 1500. The anchoring devices 1805 may be 
liabricated from any numt>er of durable hard materials such as. for example, 
tungsten cartMe. machine tool steel, or hard faced steel. The anchoring devices 
25 1805 are fabricated firom machine tool steel in order to optimally provide high 
strength, hardness, and fracture toughness. 

The resilient membere 1810 are coupled to the inside surfece of the tiibuiar 
member 1800. The resilient membere 1810 are prefiBrably adapted to apply a radial 
force upon the corresponding anchormg devices 1805. When the release devices 
30 1815 release the anchoring devices 1805, the resnient membere 1810 are preferably 
adapted to force the anchoring devices at least parfially through the oonesponding 
openings 1820 into contact with, to at least partially penetrate, the welibore casing 
1500. 

The release devices 1815 are positioned within and coupled to the openings 
35 1820 in the tubular member 1800. The release devices 1815 are preferably adapted 
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to hold the corresponding anchoring devices 1805 within the tubular nnemt>er 1800 
until released by a control signal provided from a surface, or other, location. The 
release devices 1815 may be any number of conventionai commercially available 
release devices. The release devices 1815 are pressure activated in order to 
optimally provide ease of operation. 

As illustrated in FIG. 15a. the apparatus 1515 is prefoBbly positioned within 
the weflbore casing 1500 with the expandable tubular member 1525 positioned in 
opposing relation to the opening 1510. 

As illustrated in FIG. 15b. The resilient anchor 1540 is then anchored to the 
wellbore casing 1500. In this manner, the lower section 1550 of the expandable 
tubular member 1525 is anchored to the w^bore casing 1500. The resilient anchor 
1540 is anchored tyy a oontroi and/or electricai power signal transmitted from a 
sur^Kse location. 

A compressible cement and/or epoxy is then injected into flie annular space 
between the unexpended portion of the tubular member 152S and the welfeore 
casing 1500. The compressible cement and/or epoxy is then pemtitted to at least 
partially cure prior to the initiation of the radial expansion process. In this manner, 
an annular structural support and fluidic seal is provided around the tulMJiar member 
1525. 

As illustrated in FIG. 15c. The expansion oone 1530 is then axially displaced 
by applying an axial force to the support member 1520. The axial displacement of 
the expansion cone 1530 radially expands the expandable tutHilar member 1525 
into intimate contact with the walls of the w^bors casing 1500. 

As Illustrated in FIG. 15d. After the expandable tubular member 1^5 has 
been completely radially expanded by the axial dis(riacement of the expar^ion cow 
1530, the operring 1510 in the weHbore casnig 1500 is sealed off by the radially 
expanded tubular memt)er 1525. . In this manner, repairs to the wellbore casing 
1500 are optimally provided. More generally, the apparatus 1515 is used to repair 
or fbmri vrellbore casings, pipelines, and structural supports. 

Refening to FIGS. 19a, 19b and 19c, an expandable tubular member 1900 
for use in the apparatus 1515 will now be described. The expandable tubular 
member 1900 includes a tubular body 1905, one or more resilient panels 1910. one 
or more corresponding engagement members 1915. and a release memt>er 1920. 
The resilient panels 1910 are adapted to expand In ttie radial direction after being 
released by ttie release member 1920. In this manner, ttie expandable tubular 
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member 1900 is anchored to a preexisting structwe such as. for example, a 
wBlU)or8 casing, an open hole welllxw section, a pipeline, or a structural support 

The tulwlar metriber 1905 Is coupled to the resilient panels 1910. The 
tubular member 1905 may be any number of conventional commercially available 
5 expandable tubular members. The tubular member 1905 Is an expandable casing In 

order to optimally provide high strength. 

The resilient panels 1910 are coupled to the tubular member 1905. The 
resilient panels 1910 are further releasably coupled to ttie release member 1920. 
The fesilient panels 1910 are prefiarably adapted to house the expansion cone 

10 1530. The resilient panels 1910 are preferably adapted to extend to the position 
1925 upon being released by the release member 1920. The resHlent panels 1910 
are coupled to the tubular member 1905 by welding in order to optimally provide 
high strength. The resllent panels 1910 may be fabricated from any number of 
conventional commercially available resilient matsrtaris. The resilient panels 1910 

15 are ftt)ricated from spring steel In order to optimally store elastic r^ 

energy. 

The engagement meiAbere 1915 are coupled to corresporyling resilient 
panels. The engagement membere 1915 are preferably adapted to engage, and at 
least partiany penetrate, the wellbore casing 1500. or other preexisting structure. 

20 The release member 1920 is releasably coupled to the resilient panels 1910. 

The release member 1920 is preferably adapted to controllably release the resilient 
panels 1910 from their initial strained positions in order to permit the resilient panels 
1910 to expand to their expanded positions 1925. The release member 1920 is 
releasably coupled to the coupling 1535. In this manner, electrical and/or control 

25 and/or hydraulic signals are communicated to and/or from the release member 
1920. The release member 1920 may be any number of conventional commercially 
available release dsvioes. 

Referring to FIGS. 20a to 20d, an apparatus and method for coupling an 
expandable tubular member to a preexisting structure virill now be described. 

30 Referring to Fig. 20a. a wellbore ceslng 2000 is positioned within a subtananean 
fbmwtlon 2005. The vrelibore casing 2000 may be positioned in any orientation 
from the vertical direction to the horizontal direction. The vrellbore casing 2000 
further includes one or more openings 2010 that may have been the result of 
unintentional damage to the vrellbore casing 2000. or due to a prior perforation or 

35 fracturing operation performed upon the surrounding subterranean formatkxi 2005. 
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As wilt be reoognized by persons having ordinary skill in the art, the openings 2010 

can adversely affect the subsequent operation and use of the weilbbre casing 2000 

unless they are sealed off. 

An apparatus 2015 is utilized to seat off ttie openings 2010 in the v^^lbore 
5 casing 2000. More generally, the apparatus 2015 is preferably utilized to torn or 

repair wellbore casings, pipelines, or strxKtural supports. 

The apparatus 2015 preferably includes a support member 2020, an 

expandable tubular member 2025, an expansion cone 2030, a coupling 2035, a 

resilient anchor 2040, and one or more seals 2045. 
10 The support member 2020 is preferably adapted to be coupled to a surbce 

location. The support member 2020 is further coupled to the expansion cone 2030. 

The suKxxt member 2020 is preferably adapted to convey pressurtaed fluidic 

materials and/or etedrical cunrent and/or communication signals frorn a surface 

location to the mchor 2040. The support member. 2020 may, for example, be 
15 conventional commercially available slick wire, brakied wire, coiled tubing, or tfrilHng 

stock material. 

The expandable tubular member 2025 is removably coupled to the 
expamton cone 2030. The expandable tubular member 2025 includes one or more 
engagement devk»s that are adapted to couple with and penetrate the wellbore 

20 casing 2000. In this manner, the expandable tubular member 2025 is optimally 
coupled to the weUbore casing 2000. The engagement devtoes include teeth for 
biting into the surface of the wellbore casing 2000. The expandable tubular member 
2025 further includes one or more sealing members 2045 on the outside surface of 
the expandable tubular member 2025 in order to optimally seal the interface 

25 between the expandable tubular member 2025 and the wellbore casing 2000. 

The expandable tubular member 2025 includes a kywer sectton 2050, an 
intermediate sectton 2055, and an upper sectton 2060. The watt thkdcnesses of the 
tovver and intermediate sections, 2050 and 2055, are less than the wall thfekness of 
the upper sectk>n 2060 in order to optimally, facilitate the radial expanston of the 

30 expandable tubular member 2025. The sealing members 2045 are proykted on the 
outskle surface of the upper sectton 2060 of the expandable tubular member 2025. 
The resilient anchor 2040 is coupled to the tower sectton 2050 of the expandabte 
tubidar member 2025 in order to optimally anchor the expandabte tubuter member 
2025 to the wellbore casing 2000. 
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The expansion cone 2030 is preferably coupled to the support member 2020 
and the coupling 2035. The expansion cone 2030 is preferably adapted to radially 
expand the expandable tubular member 2025 when the expansion cone ^30 is 
axially displaced relative to the expandable tubular menrt)er 2025. 
5 The coupling 2035 is preferably coupled to the support member 2020. the 

expansion cone 2030. and the anchor 2040. The coupling 2035 is preferably 
adapted to convey pressurized fluidic materials and/or electrical current and/or 
communication signals from a surfeoe location to the anchor 2035. The poupfing 
2035 may. for example, be conventional commerciaily available slide wire. brMed 

10 wire, coiled tubing, or drOHng stodc material. The coupHng 2035 is deooupM from 
the anchor 2040 upon initiating the axial displaoement of the expansion cone 2030. 

The anchor 2040 is preferably coupled to the lower section 2050 of the 
expandable tubular member 2025 and the ooupBng 2035. The anchor 2040 Is 
further preferably adapted to be oontroUably coupled to the wellbore casing 2000^ 

15 Ref^ng to FlOa 21a and 21b, The anchor 2040. inchides a housing 2100, 

one or more splices 2105, and on^ or more conrespondlng adualors 2110. The 
spikes 2105 are outwardly extended by the corresponding, actuators 2110. The 
spilws 2105 are outwardly actuated by displacing the apparatus 2015 upwanMy. 
The spikes 2105 are outwardly extended by placing a. quanti^ of flukflc material 

20 onto the spikes 2105. 

The housing 2100 Is coupled to the lower sectton 2050 of ttie expandable 
tubular member 2025, the spikes 2105. and the actuators 2110. The housing 2100 
is further preferably coupled to the coupling 2035. The housing 2100 Is adapted to 
convey eledrteal, communication, and/or hydraulic signals ftom the coupling 2035 to 

25 the actuators 21 10. 

The spikes 2105 are preferably movably coupled to the housing 2100 and 
the corresponding actuators 21 10. The spikes 2105 are preferably adapted to pivot 
relative to the housing 2100. The spikes 2105 are further preferably adapted to 
extend outwardly In a radial direction to engage, and at feast partially penetrate, the 

30 wellbore casing 2000. or other preexisting structure such as. for example, the 
welibofe. Each of the spikes 2105 further preferably include a concave upwardly 
facing surfeoe 2115. The placement of a quantity of fluMk: material such as. for 
exampte. a barite plug or a flex plug, onto the surteoes 2115 causes the spikes 2105 
to pivot outwardly away from the housing 2100 to engage ttie wellbore casing 2000. 

35 or otiier preexisting stnjcture such as. for exan^)le, the wellbore. Attematively. the 

49 



•••• 

•••• , ••• 

• • • 



upward displacement of the apparatus 2015 causes the spikes 2105 to pivot 
outwardly away from the housing 2100 to engage the weUbore casing 2000. or other 
preexisting stnicture such as. for example, tf» wellbore. 

The actuators 2110 are preferat>ty coupled to the housing 2100 and the 
5 corresponding spikes 2105. The actuators 2110 are preferatjiy adapted to apply a 
fonsB to the corresponding spikes 2105 sufficient to pivot the corresponding spikes 
2105 outwardly and away from the housing 2100. The actuators 21 10 may be any 
number of conventionai commercially available actuators such as, for example, a 
spring, an etedric or hydraulic motor, a hydrauiw piston/cylinder. The actuators 
10 2100 are hydraulk: pistons in order to optimally provide ease of operatkm. The 

actuators 2110 are omitled and the spikes are pivotally coupled to the housing 2100. 

Referring to FIGS. 22a. 22b. and 22c The anchor 2040 includes the housing 
2100. one or more petal baskets 2205, and one or more conesponding actuators 
2110. nie petal baskets 2205 are outwardly extended by the corresponding 

15 actuators 2110. The petal baskets 2205 are outwardly actuated by displadng the 
apparatus 2015 upwanfly. The petal baskets i2205 are outwardly extended by 
placing a quantity of flukfic material onto the petal baskets 2205. 

The housing 2100 is coupled to the tower sectkxi 2050 of the expandable 
tubular member 2025, the petal baskets 2205. and the actuators 2110. 

20 The petal baskets 2205 are preferably movably coupled to the housing 2100 

and the corresponding actuators 2110. The petal baskets 2205 are preferably 
adapted to pivot relative to the housing 2100. The petal baskets 2205 are further 
preferably adapted to extend outwardly in a radial directton to engage, and at least 
partially penetrate, the weHbore casing 2000. or other preexisting structure. As 

25 illustrated in FIG. 22c. each of the petal baskets 2205 further preferably indude a 
concave upwardly fadng surface 2215. The placement of a quantity of fluMk: 
material such as, fpr example, a barlte plug or a flex plug, onto the surfaces 2215 
causes the petal baskets 2205 to pivot outwardly away from the housing 2100 to 
engage the wellbore casing 2000. or other preexisting stnjdure. Alternatively, the 

30 weight of the fkikJfc materials placed onto the petal baskets 2205 is sufffelent to 
anchor ttte expandabte tubular member 2025. Alternatively, the upward 
displaoenient of the apparatus 2015 causes the petel baskets 2205 to pivot 

outwardly away from the housing 2100 to engage the weUbore casing 2000. or other 
preexisting strudiffe. 
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The actuators 2110 are pref6rat>ly coupled to the housing 2100 and the 
corresponding petal baskets 2205. The actuators 2110 are praferabty adapted to 
apply a force to the conBsponding petal baskets 2205 sufficient to pivot the 
corresponding petal baskets 2205 outwardly and away from the housing 2100. The 
5 actuators 2110 are on^tted and the petal baskets are pivotally coupled to the 
hotting 2100. 

The anchor 2040 inckxJes one or more spikes 2105 and one or more petal 
baskets 2205. 

As illustrated in fIg. 20a, the app«atus 2015 Is preferably posittoned within 

10 the wellbore casing 2000 with the expandid)ie tubular member 2025 positioned in 
opposing relatkNi to the opening 2010. 

As illustrated in FIG. 20b, The anchor 2040 is then anchored to the wellbore 
casing 2000. In this manner, the tower sectton 2050 of the expandabte tiA>ular 
member 2025 is anchored to the welbore casing 2000 or the wdlbore casing. The 

IS anchor 2040 is anchored by a control and/or eledrtoed power signal transmiMed fifonri 
a surface tocation to the actuatore 2110 of the anchor 2040. The anchor 2040 is . 
anchored to the . wellbore caising 2000 by upwardly disptadng the apparatus 2015. 
The arichor 2040 is anchored to the wellbore casing 2000 by placing a quantity of a 
fluMic material such, for exampte, a bartte plug or a flex plug, onto the spikes 2105 

20 or petal baskets 2205 of the anchor 2040. The anchor 2040 is omitted, and the 
apparatus 2015 is anchored by placing a quantity of a fluMic material such, for 
example, a barite plug or a flex pli^; onto at least the tower and/or the intermediate 
secttons, 2050 and 2055, of the expandable tubular member 2025. 

A compresstole cement and/or epoxy is then injected into the annular spaoe 

25 between the unexpended portton of the tubular member 2025 and the wellbore 
casing 2000. The compressible cement and/or epoxy is then permitted to at least 
partially cure prior to the initiatton of the radial expanston process. In this mariner, 
an annular structural support and fluidic seal is provkied around the tubular memt>er 
2025. 

30 As illustrated in FIG. 20c, The expanston cone 2030 is then axially dispteced 

by applying an axial force to the support member 2020. The axial displacement of 
the expanston cone 2030 radially expands the expandable tubular member 2025 
into intimate contact with the walls of the weilbcm casing 2000. 

As illustrated in FIG. 20d, After the expandable tubular member 2025 has 
35 t>een completely radially expanded by the axial displaoement of the expanston cone 
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2030, the opening 2010 in the wellbore casing 2000 is sealed off l)y the radiaHy 
expanded tubular member 1435. In this manner, repairs to the wellbore casing 
2000 are optimally provided. More generally, the apparatus 2015 Is used to repair 
or fonn wellbore casing, pipelines, and structural supports. 
5 Referring to FIGS. 23a to 23e, an apparatus and method for coupling ah 

expandable tubular member to a preexisting structure will now be described. 
Refening to Fig. 23a, a wellbore casing 2300 and an open hole wellbore section 
2305 are positioned within a subterranean fomiation 2310. The wellbore casing 
2300 and (he open hole wellbore section 2305 may be positioned in any orientation 
10 from the vertical diredion to the horizontal direction. 

An apparatus 2320 Is idilzed to fonri a nevv section of vvellbore castfig within 
the open hole wellbore section 2305. More generally, the apparatus 2320 is 
preferably utOizBd to form or repair wellbore casings, pipelines, or stmctural 
supports. 

"•5 The' apparatus 2320 preferably Includes a support member 2325. an 

expandable tubular member 2330. an mpansion cone 2335. one or more upper 
sealing membere 2340. and one or more sealing members 2345. 

The support member 2325 is preferably adapted to be coupled to a surface 
location. The support member 2325 is further coupled to the expansion cone 2335. 

20 The support member 2325 may. for example, be conventional commeicially 
available sUck wire, braided wire, coiled tubing, or driUIng stock material. 

The expandable tubular member 2330 is removtArty coupled to the 
expansion cone 2335. The expandable tubular member 2025 further Includes one 
or more upper and tower sealmg membere. 2340 and 2345, on the outsMe suifaoe 

25 of the expandable tubular member 2330 in order to optimally seal the Inteifaoe 
between the expandable tubular member 2330 and the wellbore casing 2300 and 
the open hole wellbore sectton 2305. 

The expandable tubular member 2025 further includes a tower sectton 2350. 
an intermediate sectton 2355. and an upper sectton 2360. The wall thteknesses of 

30 the lower and intennediate sections, 2350 and 2355, are less than the waH thtokness 
of the upper sectton 2360 in order.to optimally ^litate the radial expanskm of the 
expandable tubular member 2330. The tower sectton 2350 of the expandable 
tobular member 2330 Includes one or more slots 2365 adapted to pennit a fiukito 
sealing material to penetrate the lower sectton 2350. 
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The expansion oone 2335 is preferably coupled to the support member 
2325. The expansion cone 2335 is further preferabty renfK>vably coupled to the 
expandable tubular member 2330. The expansion cone 2335 is preferably adapted 
to radially expaml the expandable tubular mennber 2330 when the exparmion cone 

5 2335 is axialiy displaced relative to the expandable tubular member 2330. 

The upper sealing member 2340 is coupled to the outside surfece of the 
upper section 2360 of the exparxlable tubular member 2330. The upper sealing 
member 2340 is preferably adapted to fliMldy seal the interface betweeri the 
radial^ expanded upper section 2360 of the expandable tubular member 2330 and 

10 the wellbore casing 2300. The upper sealing member 2340 may be any number of 
conventional commercially available sealing members. The upper sealing member 
2340 is a vitm rubber in order to optimally provide load carrying and pressurs 
seeing capacity. 

The lower sealing member 2345 is preferably coupled to the outside surfiace 
15 of the upper secUon 2360 of the expandable tubular member 2330. TTw lower 
. sealing member 2340 is preferat>ly adapted to fluididy seal the interface bebmen 
the radially expanded upper section 2360 of the expandable tirtuilar member 2330 
and the open hole weHbore section 2305. The lower sealing member 2345 may be 
any number of conventional commercially available sealing members. The lower 
20 searing member 2345 is vKon rubber in order to optimalty provide load carrying and 
seating capadty. 

As Illustrated in FIG. 23a, tlie apparatus 2320 is preferably positioned within 
the wellbore casing 2300 and the open hole wellbore secUoh 2305 with the 
expandable tubular member 2330 positioned in overlapi^ng relation to the wellbore 
25 casing 2300. 

As illustrated in FIG. 23b, A quantity of a hardenable fluidic sealing material 
2365 is then injected into the open hole wellbore section 2305 proximate to the 
tower section 2350 of the expandable tubular nrtember 2330. The sealing nrwrterial 
2365 way be any number of conventional commercially available sealing materials 
30 such as, for example, cement and/or epoxy resin. The hardenable fluidic sealing 
material 2365 at least partially enters the slots provided In the lower section 2350 of 
the expandable tubular menriber 2330. 

As illustrated in FIG. 23c. the hardenable fluidic sealing material 2365 is 
preferably then pemnitted to at least partially cure. In this manner, the lower section 
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2350 of the expandable tubular member 2330 is anchored to the open hole vvelibcm 
section 2305. 

A compressible cement and/or epoj^ Is then injected into the annular space 
between the unexpended portion of the tubular member 2330 and the wellbore 
5 casing 2300. The compressible cement and/or epoxy Is then pemiHted to at least 
partially cure prior to the initiation of the radial expansion process. In this manner, 
an annular structural support and fluidic seal is provided around the tubular member 
2330. 

As UlustFated in BG. 23d. The expansion cone 2335 is then axially displaced 

10 by applying an axial force to the support member 2325. The axial displacement of 
the expansion cone 2335 radially expands the expandable tubular member 2330 
into intimate contact with the walls of the wellbore casing 2300. 

As illustrated in FIG. 23e, After the expandable tubular member 2330 has 
been comptotely radially expanded by the axial dispiaoemem of the expansion 0^ 

15 2335. a new section of wellbore casing is fonnedthM preferably inc*^ 

expanded tubular member 2330 and an outer annular layer of a fluidic sealfoig 
material. More generelly. thi» apparatus 2320 is used to repair or fom weflbore 
casings, pipelines, and stoidurai supports. 

Refenring to FIGS. 24a to 24c. an apparatus and method for coupling an 

20 expandable tubular member to a preexisting stnicture will now be described. 
Referring to Fig. 24a, a wellbore casing 2400 and an open hole wellbore section 
2405 are positioned wHNn a subtenteiean ftwmation 2410. The w^lbore casing 
2400 and the open hole wellbore section 24(» may be positioned In any orientation 
from the vertical direction to approximately the horizontal direction. 

25 An apparatus 2420 is utilized to fonm a new section of weHbore casing within 

the open hole wellbore section 2405. More generally, the apparatus 2420 is 
preferably utilized to fonn or repair wellbore casings, pipeynes. or sinjcturai 
supports. 

The apparatus 2420 preferably includes a support member 2425, an 
30 expandable tubular member 2430. an expansion cone 2435, a coupling 2440, a 
padcer 2445, a mass 2450, one or more upper sealing members 2455, and one or 
more seaOng members 2460. 

The support ntember 2425 is preferat>iy adapted to be coupled to a surfeoe 
location. The support member 2425 is further coupled to the expansion cone 2435. 
35 The support member 2425 is preferably adapted to convey etedrical. 
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communication, and/or hydraulic signals to and/or from the pad<er 2445. The 
support memt>er 2425 may, for exanfv>ie. be conventional commercially avaUable 
slick wire, braided wire, colled tubing, or drilling stock material. 

The expandable tubular member 2430 is removably coupled to the 
5 expanskm cone 2435 and the packer 2445. The expandable tubular member 2430 
is further prefarably coupled to the mass 2450. The expandable tubular member 
2430 further includes one or more upper and kiwer sealing members, 2455 and 
2460. on the oulsMe surface of the expandable tubular member 2430 In order to 
optimally seal the interface between the expandable tubular member 2430 and the 
10 wenbore casing 2400 and the open hole weNbore secfion 2405. 

The expandable tubular member 2430 further Includes a tower sedkm 2465. 
an intermediate sedton 2470. and an upper sedton 2430. The wall thkAnesaes of 
the tower and intermediate sedtons. 2465 and 2470. are less than the wail thtekness 
of the upper sedton 2475 in order to optimally iadlitata the radial expartston of the 
.15 expandabto tubular member 2430. The. tower sedton 2465 of the expandabte 
tubular member 2430 is oouptod to the mass 2450. 

The expandabto tubular meinber 2430 is further provided substantial^ as 
disctosed in one or more of the foBowing: 

The expanston cone 24351s preferably oouptod to the support member 2425 
20 and the coupling 2440. The expanston cone 2435 is further preiiHabiy removably 
coupled to the expandabto tubutor member 2430. The expanston cone 2435 to 
preferably adapted to radially expand the expandabte tubular member 2430 when 
the expanston cone 2435 is axtotly displaced retotive to the expandabto tubular 
memt)er2430. 

25 The coupling 2440 is preferably coupted to the support member 2425 and 

the expanston cone 2435. The coupling 2440 is preferably adapted to convey 
electrtcal, communkatton. and/or hydraulte signals to and/or from the packer 2445. 
The coupling 2440 may be any number (rf conventional support members such as. 
for exampto. commerdally avaitobto sitek wire, braktod wire, coiled tubing, or drilling 

30 stock material. 

The packer 2445 is coupted to the coupling 2440. The packer 2445 is further 
removably coupled to the tower section 2465 of the expandabte wellbore casing 
2430. The packer 2445 is prdiBrably adapted to provide suffictent frtotional foroe to 
support the tower sedton 2465 of the expandabto wellborB casing 2430 and the 

35 mass 2450; The pack«- 2445 may be any mtrtow of oonventtonal commercially 
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available packers. The packer 2445 is an RTTS packer available from HaHlburton 
Eneigy Servkss in order to opiimaily provWe multiple sets and releases, Hydreufc 
slips may be substituted for, or used to supplement, the packer 2445. 

The mass 2450 is preferably coupled to the lower section 2465 of the 
5 expandable tubular member 2430. The mass 2450 is preferably selected to provkle 
a tensile load.on the tower sectton 2465 of the expandable tubular member 2430 
that ranges from about 50 to 100 % of the yieM point of the upper sectkxi 2475 of 
the expandable tubular member 2430. in this manner, when the packer 2445 is 
released, the axial force provkled by the mass 2450 optimally radially expands and 

10 extmdes the expandable tubular member 2430 off of the expansfon cone 2435. 

The upper sealing member 2455 is preferably coupled to the outskle surface 
of the upper sectton 2475 of the expandable tubular member 2430. The upper 
sealing member 2455 is preferably adapted to fluklidy seal the interfeoe between 
the radially expanded upper section 2475 of the expandable tubular njember 2430 

15 and the welibore casing 246a Thei upper sealing member 2455 tnay be any 
number of oonventtonal oommerdaily available sealing membais. The upper 

sealing member ^ is vHon nibber In order to optimally provWe toad canying and 
pressure sealing capacity. 

The tower sealing member 2460 is preferably coupled to the outside surfeoe 
20 of the upper sectton 2475 of the expandabfe tubular member 2430. The tower 
sealing member 2460 is preferably adapted to flutotoly seal the inteifeoe between 
the radially expanded upper section 2475 of the expandabfe tubular member 2430 
and the open hole weilbore sectton 2405. The tower sealing member 2460 may be 
any number of conventtonal commercially avaiiabto sealing members. The tower 

25 sealing member 2460 is vitonnibber In order to optimally provkte lead bearing and 
sealing capacity. 

As illustrated in FIG. 24a, the apparatus 2420 is preferably posittoned within 
the weilbore casing 2400 and the open hole weilbore section 2405 with the 
expandabto tubular member 2430 posittoned in overiapping refetton to the weilbore 
30 casing 2400. The weight of the mass 2450 is supported by the support member 
2425. the expanston cone 2435, the coupling 2440, the packer 2445. and the tower 
sectton 2465 of the expandabto tubular member 2430. In this manner, the 
intennediate section 2470 of the expandabto tubular member 2430 preferably does 
not support arv of the weight of the mass 2450. 
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As illustrated in FIG. 24b, The packer 2445 is then released from connection 
with the kMver section .2465 of the expandable tubular member 2430. In this 
manner, the mass 2450 is prsferably now supported by the suppCNt member 2425, 
expansion cone 2435, and the lower and intemiediate sections. 2465 and 2470. of 
5 the expandable tubular member 2430. The weight of the mass 2450 then causes 
the expandable tubular member 2430 to be radially expanded by. and extnjded off 
of, the expansion cone 2435. During the extrusion process, the position of the 
support member 2425 Is adjusted to ensure an overlapping relation between the 
expandable tubular member 2430 and the wellbore casing 2400. 

10 A compressible cement amUor epoxy is injected into the annular space 

between the unexpended portion of the tubular member 2430 and the wellbore 
casing 2400 before and/or during the extrusion process. The compressible cement 
and^or epoxy is then preferably permitted to at least partially cure prior to the 
iniOation of the radial wcpansion process. In this manner, an annular rtnjdural 

15 support and fluidic seal Is provided around the tubidarrnember 2430. 

As Hlustrated in FIO. 24c After the expandable tubular member 2430 has 
been oompletBly extriided off of the exparaion cone 2435. a new section of wellbore 
casing is fonned that preferably includes the radially expanded tobular member 
2430 and an outer annular layer of a fluidic sealing material. More generally, the 

20 apparatus 2420 is used to repair or fomn wellbore casings. pvwHnes. and stmdural 
supports. 

The mass 2450 is positioned on top of the upper section 2475 of the tubular 
member 2430. The mass 2450 is fabricated from a thick willed tubular men^r that 
is concentric with respect to the support memt>er 2425, and also rests on top of the 
25 upper section 2475 (rf the tubular member 2430. In this manner, when the 
expansnn cone 2435 exits the tubular member 2430. the expanston cone will cany 
the mass 2450 out of the wellt)ore 2405. 

Referring to FIOS. 25a to 25c an apparatus and method for coupfing an 
expandable tubular member to a preexisting structure will now be described. 
30 Referring to Fig. 25a, a welUxxe casing 2500 and an open hole wellbore sedim 
2505 are positioned within a subterranean fonnation 2510. The wellbore cas^ 
2500 and the open hole wellbore section 2505 may be poslttoned in any orientation 
from the vertical diredion to approximately the horizontal directton. 

An apparatus 2520 is utilized to ffonfn a new sectton of weUbore casing within 
35 the open hole weillxxe section 2505. More generally, the apparatus 2520 Is 
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preferably utilized to form or repair wdlt)ore casings, pipelirtes. or structural 
supports. 

The apparatus 2S20 preferat)iy includes a support member 2525. ari 
expandable tubular member 2530, an expansion oone 2535. a chamber 2440. an 
5 end plate 2545. one or more upper seating membere 2555. and orw or more sealhg 

membere 2560. 

The support memt>er 2525 is preferably adapted to be coupled to a surface 
location. The support member 2S2S Is further coupled to the expansion oone 2535. 
The support member 2525 is preferably adapted to convey fluidic materiais to and/w 
10 from the chamber 2540. The support member 2525 may. for example, be 
conventional commercially available sHck wire, braided wire, coiled tubing, or drilling 
stodc material. 

The expandable tubular member 2530 is ramovably coupled to the 
expansion pone 2535. The expandable tubular member 2530 further includes one 
15 or more upper and tower sealing members. 2555 and 2560; on the outside suifaoe 
of the expandable tubular member 2530 in ordor to optimally setri the intoifaoe 
between the expandable tubular member 2530 and the wellbore eadm 2500 and 
the open hole wellbore section 2505. 

The expandable tubular member 2530 further includes a lower section 2565. 
20 an intermediate section 2570. and an upper section 2530. The wall thidoiesses of 
the tower and intennediate sections. 2565 and 2570. are less than ttie wall tNckness 
of the upper section 2575 in order to optimally fedlitete the radial expansion of the 
expandabte tubular member 2530. 

The lower section 2565 of the expandabte tubular member 2530 further 
25 includes the chamber 2540 and the end plate ^45. 

The expansion oone 2535 is preferably coupled to the support member 
2525. The expansion oone 2535 is further preferably removably coupled to the 
expandabte tubuter member 2530. The expansion cone 2535 is preferably adapted 
to radtelly expand the expandabte tubuter member 2530 when the expansion cone 
30 2535 is axtetly displaced relative to the expandabte tubular member 2530. The 
expanston cone 2535 te further preferably adapted to convey fteidic materials to 

and/or from the chamber 2540. 

The chamber 2540 te defined by 0w Mertor portion of the lower section 2565 

of the expandabte tubular member 2530 below the expansion cone 2535 and above 
35 the end plate 2545. The chamber 2540 Is preferably adapted to contain a quantity 
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of a fluidic materials having a higher densify than the fluidic materials outside of the 
expandable tubular member 2530. 

The upper sealing member 2555 is preferably coupled to the outside surface 
of the upper section 2575 of the expandable tutnjiar member 2530. The upper 

5 sealing member 2555 is preferably adapted to fluididy seal the Interface between 
the radially expandisd upper section 2575 of the expandable tubular member 2530 
and the wellbore casing 2500. The upper sealing member 2555 may be any 
number of conventional commercially available sealing menrters. The upper 
sealing member 2555 is viton rubber In order to optimally provide load carrying and 

10 pressure sealing capacity. 

The lower sealing member 2560 is preferak>ly coupled to the outside surface 
of the upper section 2575 of the expandabte tubular member 2530. The lower 
sealing member 2560 is preferably adapted to fluididy seal the interteoe between 
the radially expanded upper section 2575 of the expandabte tubular member 2530 

15 and the open hole weOboie section 2505. The lower sealing rnember 2560 may be 
any numi)er of conventional commercially avaiiabte sealing members. The lower 
sealing member 2560 is viton rubber in order to optimally provide load carrying arKJ 
pressure sealing capacity. 

As illustrated in FIG. 25a, the apparatus 2520 is preferably positioned within 

20 the wellbore casing 2500 and the open hote wellbore section 2505 with the 
expandable tubular member 2530 positioned in overiapping relation to the wellbore 
casing 2500. 

As illustrated in FIG. 25b. a quantity of a fluidic material 2580 having a 
density greater than the density of the fluidic material within the region 2585 outside 

25 of the expandable tubular memt>er 2530 is injected into the chamber 2540. The 
difference in hydrostatic pressure between the chamt>er 2540 and the region 2585, 
due to the differences in fluid densities of these regions, causes the expandabte 
tubidar member 2530 to be radially expanded by, and extruded off of» the expanston 
cone 2535. During the extrusion process, the position of the support member 2525 

30 is adjusted to ensure an overiapping retetion t)etween the expandable tobular 
menter 2530 and the wellbore casing 2500. The quantity of the fluidic matertel 
^0 initially injected into the chamber 2540 is subsequently increased as the size 
of the chamber 2540 increases during the exiruston process, in this manner, high 
pressure punping equipment is typically not required, or the need for it is at least 
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minimized. A column of the fluidic material 2580 is maintained within the support 
member 2525. 

A compressible cement and/or epoxy is injected into the annular space 
between the unexpanded portion of the tubular member 2530 and the wellbore 

5 cashg 2500 before and/or during the extrusion process. The oon^Hessible cement 
and/or epoxy is then preferably permitted to at least partially cure prior to the 
initiation of the radial expansion process. In this mann^, an annular strudursd 
support and fluidic seal is provided around the tubular member 2530. 

As illustrated in FIG. 25c, After the expandatrie tubular member 2530 has 

10 been completely extruded off of the expansbn cone 2535, a new section of weHbore 
casing is formed that preferably includes the radially expanded tubular member 
2530 and an outer annular layer of a fluidic seating material. More generally, the 
apparatus 2520 is used to repair or fom welltxxe casings, (ripelines, arxi structural 
supports.. 

15 Refening to FIGS. 26a to 26c, an apparatus and method for coupling an 

expandable tubular member to a preexisting structure wHI now be described. 
.Referring to Fig. 26a, a wellbore casing 2600 and an open hole wellborB section 
2605 are positioned within a subterranean formation 2610. The wellbore casing 
2600 and the open hole wellbore section 2605 may be positioned in any orientation 

20 from the vertical direction to approximately the horizontal direction. 

An apparatus 2620 is utilized to form a new section of wellbore casing withbi 
the open hole wellbore section 2605. More generally, the apparatus 2620 is 
preferat)ly utill»d to form or repair wellbore casings, pipelines, or structural 
supports. V' -^v^ - . 

25 The apparatus 2620 preferably includes a support member 2625, an 

expandable tubular member 2630, an expansion corie 2635, a slip joint 2640. an 
end plate 2545, a chamber 2650, one or more slip memberB 2655, one or more 
sealing members 2670, one or more upper sealing members 2675, and one or more 
lower sealing members 2680. 

30 The support member 2625 is preferably adapted to be coupled to a surfeoe 

location. The support member 2625 is further coupled to the expansion cone 2635. 
The support men>ber 2625 is preferably adapted to convey fluidic materials to and/or 
from the chamber 2640. The support member 2625 may, for example, be 
conventional commercially available slick wtre, braided wire, coiled tubing, or drilling 

35 stock material. 

60 



The expandable tubuJar member 2630 is removably coupled to the 
expansion cone 2635. The expandable tubular member 2630 further Includes one 
or more upper and tower sealing members. 2675 and 2680. on the outeWe surface 
of the expandable tubular member 2630 In order to optimally seal the hterfaoe 
5 between the expandable tubular member 2630 and the wellbore casing 2600 and 
the open hole wellbore section 2605. 

The expandable tubular member 2630 further includes a lower sedion 2685. 
an Intermediate secJion 2690. and an upper section 2695. The wall tWdmesses of 
the lower and intermediate sections. 2685 and 2690. are less than the wan thickness 

10 of the upper section 2695 in order to optimally fadlltete the radial e)q?an8l^ 

expandable tubular member 2630. 

The lower section 2685 of the expandable tubular member 2630 houses the 

slip joint 2640, the end plate 2645. the sups 2655, and the sealing msmbera 2670. 

The interior portion, of the lower sectioh 2685 of the expandabte tubular member 
15 2630 below the expansion cone 2635 auTKl above the end plate delinMthechamber 

2650. The lower section 2685 of the expandable tubular msmber 2830 further 
includes one or more of the anchaing devloes described above with rslsfenoe to 
FIGS, la to 25c. 

T^ expansion cone 2635 Is preferably coupled to the support member 2625 
20 and the sHp iomt 2640. The expansion cone 2635 is further preferably removably 
coupled to the expandable tubular member 2630. The expansion cone 2635 is 
preferably adapted to radially expand the expandable tubular member 2630 when 
the expansion cone 2635 is aiially displaced relative to the expandable tubular 
member 2630. The expansion cone 2635 is further preferably adapted to convey 
25 fluldic materials to and/or from the chamber 2650. 

The slip joint 2640 is coupted to the expansion cone 2636 and the end ptete 
2645. The slip joint 2640 Is preferably adapted to pemrilt the end ptato 2645 to be 
axialiy displaced relative to the expansion cone 2635. In this manner, the size of thie 
chamber 2650 is variable. The syp joint 2640 may be any number of conventional 
30 commercially available slip joints modified in accordance with the teachings of the 

present disclosure. 

The slip joint 2640 preferably Includes an upper member 2640a. a resiOent 
member 2640b. and a lower member 2640c. The upper member 2640a Is coupted 
to the expanston cone 2635 and the resHfent member 2640b. The upper member 
35 2640a Is movably coupled to the lower member 2640b. The upper member 2640a 
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preferably mdudes or» or more fluid passages 2640aa that permit the passage of 
fluidic materials. The lower member 2640b Is coupled to the end plate 2645 and the 
iBSiUent member 2640b. The lower member 2640b Is movably coupled to the upper 
member 2640a. The lower member 2640b preferably includes one or more fluid 
S passages 2640ba that permit the passage of fluidic materials. The resHient member 
2640c is coupled between the upper and tower members, 2640a and 2640b. The 
resilient member 2640c Is preferably adapted to apply an upward axial force to the 

end plate 2645. 

The end plate 2645 is coupled to the sBp joint 2640. the slips 2655. and the 
10 sealing members 2670. The end plate 2645 Is preferably adapted to seal off a 
portion of the Interior of the lower section 2685 of the expandable tubular member 
2630. The end plate 2645 is further adapted to define. In combination v»Hh the 
expandable tubular member 2630. and the expansion cone 2635. the chamber 
2650. 

15 The chamber 2650 Is defined by the Interior portion of the tower section 2685 

of the expandable tubular member 2630 betow the expansion cone 2635 and above 
the end plate 12645. The pressurizalion of the chamber 2650 causes the expansU^ 
cone 2635 to be axlally displaced and thereby radially expand the expandable 
tubular member 2630. The chamber 2650 Is preferably adapted to move upwardly 
20 wHhln the expandable tubtter member 2630 as the expansion cone 2635 and end 
plate 2645 are axlally displaced wHWn the expandable tubular member 2630. 

The sups 2655 are coupled to the end plate 2645. The slips 2655 are 
preferably adapted to pennit the end plate 2645 to be displaoed In the upvi«rd axial 
direction; but prevent axial dlsptacement of the end plate 2645 In the dovmward 
25 diiBdion. In this manner, the chamber 2650 is pressurized by ir\jecllng fluidic 
materials Into the chamber 2650. Because the end plate 2645 is maintained In a 
substantially stationary position, relative to the expandable tubular member 2630. 
during the Injecdon of pressurized fluWIc materials into the chamber 2650. the 
pressurization of the chamber 2650 preferably axlally displaces the expansion cone 
30 2635. When the sKp joint 2640 Is fuBy extended, the slip joint 2640 then displaces 
the end plate 2645 in the upward axial direction. When the spring force of the 
elastic member 2640c of the slip joint 2640 is greater than the fluidic pressurizaUon 
force within the chamber 2650. the end plate 2645 Is displaced In the upward axial 
direction. 
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The sealing members 2670 are coupled to the end plate 2645. The sealing 
members 2670 are further preferably sealingly coupled to the Interior vyalls of the 
expandable tubular member 2630. In this manner, the chamber 2650 is optimally 
pressurized during opwation of the apparatus 2620. 

The upper sealing member 2675 Is preferably coupled to the outside surface 
of the upper section 2695 of the expandable tubular member 2630. The upper 
sealing member 2675 Is preferably adapted to fluididy seal the interface between 
the radially expanded upper section 2695 of the expandable tubUtar member 2630 
and the wellbore casing 2600. The upper sealing member 2675 may be any 
number of conventional commercially available sealing membere. The upper 
sealing member 2675 Is vlton mbber in order to optimally provide Iced carrying and 

pressure seating capacity. 

the lower sealing member 2680 is preferably coupled to the outside sufteoe 

of the upper section 2695 of the expandable tubular member 2630. The tower 
15 sealing rnember 2680 Is prefOTWy adapted to fluWldy seal the Interfa 

the radially expanded upper section 2695 of the expandable tubular member 2630 
and the open hole wellbore section 2605. The tower sealing member 2680 m«y be 
any number of com«ntional commercially available sealing members. The tower 
sealing member 2680 Is vlton mbber In order to optlnrwlly provide toad carrying and 

20 pressure seafing capacity. 

As Illustrated m FIQ. 26a. the apparatus 2620 Is preferably positioned within 
the wellbore casing 2600 and the open hole wellbore sectton 2605 v«th the 
expandable tubular member 2630 posHtoned in overtapping relatton to the wellbore 
casing2600. The tower section 2665 of the expandabte tubular member 2630 is 
25 then anchored to the open hole wellbore section 2605 using one or more of the 
apparatus and methods described above virtth reference to FIGS, la to 25a 

As Illustrated in FIG. 26b. the radtel expansion of the expandabte tubuter 
member 2630 is then initialed by. (1) applying an upward axial force to the 
expanston cone 2635; and/or (2) pressurizing the chamber 2650 by Injecting a 
30 pressurized fluidicmaterialinto the chamber 2650. 

The expandable tubular member 2630 Is radially expanded by applying an 
upward axial force to the expansion cone 2635. Once the slip Joint 2640 Is fully 
extended, the end plate 2645 b then axtelly disptooed In the upward dlrectton. In 
this manner, the end plate 2645 fdtows the expanston cone 2635. The chamber 
35 2650 is pressurized when the fricttonal forces exceed a predetemnlned value. Inthis 
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manner, the axial displacement of the expansion cone 2635 is provided by applying 
an axial force that is selectively supplemented by pressurizing the chamber 2650. 

A compressible cement and/or epoxy is injected Into the annular space 
between the unexpended portion of the tubular member 2630 and the wellbore 

5 casing 2600 before and/or during the eximsion process. The compressible cement 
and/or epoxy is then preferably penriitled to at least partially cure prior to the 
initiation of the radial expansion process. In this manner, an annular stnjdural 
support arxl fluidic seal is provided around the tubular member 2630. 

As Blustrated in FIG. 26c. After the expandable tubular member 2630 has 

10 been completely extruded off of the expansion cone 2635, a new section of weHbors 
casing is fomied that preferat)ly includes the radially expanded tubular member 
2630 and an outer annular layer of a fluidic sealing material. More generally, the 
apparatus 2620 is used to repair or form wellbore casings, pipelines, shkI stnjctural 
supports. 

15 • Ref^ng initially to -flG.. 27, a prefened method 2700 of coupling an 
expandable tubular member to a preexisting structure includes the steps of: (1) 
coupling the expandable tubular member to the preexistirig stmdure by axially 
displacing an expansion cone; and (2) radially expanding the e)q>andable tubular by 
applying direct radial pressure. 

20 As illustrated in FIG. 28, in step 2705, an expandable tubular nriember 2805 

is coupled to a preexisting wellbore casing 2810 positioned within a subterranean 
formation 2815. The welllxxB casing 2810 further includes an outer annular layer 
2820 of a fluidic sealing materia) such as, for example, cement. The expandable 
tubular member 2805 may be coupled to the preexisting wellbore casing 2810 using 

25 any number of conventional conrvnercially available methods for coupling an 
expandable tubular member to a preexisting structure such as, fa exan^e, pufling 
an expansion cone, through a tubular member, or pushing an expansion cone 
through a tutnilar memt>er using a pressurized fluidic material. The expandable 
tubular member 2805 is coupled to the preexisting structure 2810 using one or wore 

30 of the apparatus and methods disclosed in the following: (1) U.S. utility patent 
application serial no. 09/454,139, attomey docket no. 25791.3.02, filed on 
12/3/1999. which claimed the benefit of the filing date of U.S. provisional patent 
application no. 60/1 1 1 .293. attomey docket no. 25791 .3, filed on 12/7/1998; <2) U.S. 
utility patent applkation serial no. 09/510,913, aOomey docket no. 25791.7.02, filed 

35 on 2/23/2000. which claimed the benefit of the filing date of U.S. provistonal 
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application no. 60/121,702, filed on 2/25/1999; (3) U.S. utility patent application 
serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, which 
claimed the t>enefit of the filing date of U.S. provisional application no. 60/119.611, 
attorney docket no. 25791.8; (4) U.S. utility patent appUcatkm serial no. 09/440.338. 
5 attorney docket no. 25791.9.02, filed on 11/15/1999. which daimed the tMneftt of 
the filing date of U.S. provisional application no. 60/108,558. attorney docket no. 
25791.9. filed on 11/16.1998; (5) U.S. provistonal patent appKcatkm no. 60/183.546, 
filed on 2/18/2000; (6) U.S. utility patent applicatkxi no. 09^23.460. attorney docket 
no. 25791.1 1.02. filed on 3/10/2000. which claimed the benefit of the filing date of 
10 U.S. provisional applteatkm no. 60/124,042. filed On 3/11/1999; (7) U.S. utSHy patent 
application no. 09/512,895. attorney docket no. 25791.12.02. filed on Z/24/2000. 
whk:h claimed the t)enefit of the filing dates of U.S. provistonal applicatton no. 
60/121.841. attorney doicket no. 25791.12, filed on 2/26/1999 and. U.S. provistonal 
applicatkMi no. 60/154.047. attorney docket no. 25791.29. fitod on .8/16/1999; (8) 
15 U.S. utility applteation no. 09/511.941. attorney docket no. 25791.ie;02. fitod on 
2/24/2000. whteh claimed the benefit of the filing date of U.S. pravistoMi seital no. 
60/121 .907. attorney docket no. 25791 .16. fitod on 2/26/1999; (9) U.S. utUity patent 
appHcatton no. 09/588.946. attorney docket no. 25791.17.02. fitod on June 7. 2000. 
whtoh claimed the benefit of the filing date of U.S. provtotonal patent appltoation 
20 serial no. 60/137.998. attorney docket no. 25791.17, fitod on 6/7/1999; (10) U.S. 
utility patent appHcation no. 09/559.122. attorney docket no. 25791.23.02. fitod on 
4/26/2000, vt^hteh claimed the benefit of the filing date of U.S. provistonal applteation 
no. 60/131,106, attorney docket no. 25791.23. fitod on 4/26/1999; (11) U.S. 
provistonal application no. 60/146,203, attorney docket no. 25791.25. filed on 
25 7/29/1999; (12) U.S. provfeional application no. 60/143,039, attorney docket no. 
25791.26. fitod on 7/9/1999; (13) U.S. provistonal patent application serial no. 
60/162.671 , attorney docket no. 25791.27, fitod on 1 1/1/1999; (14) U.S. provistonal 
applteation no. 60/159,039, attorney docket no. 25791.36, fitod on 10/12,1999; (15) 
U.S. provisional patent application no. 60/159,033. attorney docket no. 25791.37. 
30 fitod on 10/12/1999; and (16) U.S. provistonal patent applteation no. 60/165.228. 
attorney docket no. 25791.39, fitod on 11/12/1999. 

Preferably, the amount of radtol expansion provkted in step 105 ranges from 
about 5% to 20%. 

As illustrated in FIG. 29, in step 2710, at toast a portion of the expandabto 
35 tubutor member 2805 to further radially expanded by using a radtol expanston tool 

65 



2905 to apply direct radial pressure to the expandable tubular merrtber 2805. The 
radial expansion tool 2905 may be any nuint)er of conventional radial expansion 
tools suitable for applying direct radial pressure to a tubular member. The radial 
expansion tod 2905 is provided substantially as disclosed on one or more of the 
following U.S. Patents: 5.014.779 and 5,083.608. the disclosures of vi/hlch are 
incorporated herein by reference. The amount of radial expemsion of the 
expandable tubular member 2805 provided in step 2710 ranges up to about 5%. 
The radial contact pressures generated by the radial expansion tod 2905 in step 
2710 range from about 5,000 to 140.000 psi. kt order to optimally plastically deform 
the expandable tubular member 205 to the final desired geometry. 

The radial expansion provided in step 2705 is nndjted to the portion d the 
expandable tubular member 2805 that overlaps with the preexisting wellbore casing 
2810. In this manner, the high compressive forces typically required to radially 
expand the portion d the expandable tubular member 2805 that overlaps \Mith the 
preodstingvtfBllbore casing 2810 are opUiraily provided. 

The radial expansion \n step 2705 radialy expands the expandable tubular 
member 2805 to provide tn inside diameter substantiaRy equal to the Inside 
diameter d the pre-existing wellbore casing ^10. In this manner, a mono^iameter 
wellbore casing Is optimally provided. 

Thus, the method 2700 provides a 2-5tep radial expansion prooess that 
utmzBs: (1) a relatively quick method d radial expansion for the majority of the radial 
expansion: and (2) a high contact pressure method for the remaining radial 
expansion. The method 2700 is used to form or repair \Ndlbore casings, pipelines, 
or structural supports. 

The method 2700 further provides an apparatus and nwthod for coupling an 
exparidabie tubular member to a preexisting structure. The expandable tubular is 
initially coupled to the preexisting stnicture by axially displadng an expansion cone 
within the expandable tubular member. The expandable tubular member is then 
further radially expanded by applying a radial force to the expandable tubular. The 
apparatus and method have wide application to the formation and repair of \Mellbore 
casings, pipelines, and structural supports. The apparatus and method provide an 
efficient and reliable ni>ethod for forming and repairing wellbore casings, pipelines, 
and staictural supports. In a preferred implementation, the initial radial expansion d 
the expandat>le tubular member by axially displacing the expansion cone provide 
from about 5% to 25% d radial expansion, and the subsequent application of direct 
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radial pressure to the exparKlable tubular member provides an additional radial 
expansion of up to about 10%. In this manner, the desired final geometry of the 
radially expanded tubular member is optimally achieved in a time efficient and 
reliable manner. This method and apparatus is particularty useful in optimally 
5 creating profiles and seal geometries for liner tops and for connections between 
jointed tubulars. 

The expansion cones 130. 230. 325, 1030, 1130. 1225. 1325. 1435. 1440. 
1525. 1530. 2030. 2335. 2435. 2535. 2635. and the expandable tubular membeis 
140. 240. 335. 1040. 1140. 1235. 1335. 2025. 2330. 2530. 2630 may be provided 
10 substantially as disclosed in one or more of the following: (1) U.S. utffity patent 
applcation serial no. 09^.139. attorney docket no. 25791.3.02. filed on 
12/3/1999. which clamed the benefit of the filing date of U.S. provistonal patent 
application no. 60/111.293. attorney docket no. 25791.3. filed on 12/7/1998; (2) U.S. 
utility patent applicatfon serial no. 09/510.913. attorney docket no. 25791,7.02. filed 
15 on 2/23/2000; which claimed the benefit of the filing date of U.S. pravistonal 
applteatibn no. 60/121.702. filed on 2/25/1999; (3) U.S. utility patent appHcatfon 
serial no. 09/502.350. atlomey docket no. 25791.8.02. filed on 2/10/2000. whteh 
claimed the benefit of the filing dale of U.S. provistonal appUcatkm no. 60/119,611. 
attorney docket no. 25791.8; (4) U.S. utility patent appRcatton serial no. 09/440,338. 
20 attorney docket no. 25791.9.02. filed on 11/1S/1999. whh:h claimed the benefit of 
the filing date of U.S. provisional applicatk>n no. 60/108.558, attorney, docket no. 
25791.9. filed on 11/16.1998; (5) U.S. provistonal patent applicatton no. 60/183,546, 
filed on 2/18/2000; (6) U.S. utility patent applicatton no. 09/523,460. attorney docket 
no. 25791.11.02, filed on 3/10/2000. which claimed the benefit of the filing date of 
25 U.S. provisional applicatton no. 60/124.042. filed On 3/1 1/1 999; (7) U.S. utility patent 
applicatton no. 09^12,895. attorney dodtet no. 25791.12.02, filed on 2/24/2000, 
which claimed the benefit of the filing dates of U.S. provisional applicatton no. 
60/121,841. attorney docket no. 25791.12, filed on 2/26/1999 and U.s: provisional 
applicatton no. 60/154,047, attomey docket no. 25791.29. filed on 9/16/1999; (8) 
30 U.S. utility application no. 09/511,941. attomey docket no. 25791.16.02, filed on 
2/24/2000. which claimed the benefit of the filing date of U.S. provistonai serial no. 
60/121.907, attomey docket no. 25791.16, filed on 2/26/1999; (9) U.S. utBlty patent 
applicatton no. 09^,946, atlomey (tocket no. 25791.17.02. filed on June 7. 2000. 
which claimed the benefit of the filing date of U.S. provistonal patent appHcatton 
35 serial rw. 60/137,998, attomey docket no. 25791.17. fited on 6/7/1999; (10) U.S. 
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Utility patent application no. 09/559,122. attorney docket no. 25791.23.02, filed on 
4/26/2000, which dainied the benefit of the filing date of U.S. provisional application 
no. 60/131.106. attorney docket no. 25791.23. filed on 4/26/1999; (11) U.S. 
provisionai applicatton no. 60/146,203, attorney docket no. 25791.25, filed on 

5 7/29/1 999; . (12) U.S. provisional applkatton no. 60/143,039, attorney docket no. 
25791.26, filed .on 7/9/1999; (13) U.S. provistonal patent applkation serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999; (14) U.S. provistonal 
applicatton no. 60/159.039. attorney docket na 25791.36, filed on 1Q/12.1999:.(15) 
U.S. proviskNial patent applteation no. 60/159,033. attontey docket no. 25791.37, 

10 filed on 10/12/1999; and (16) U.S. provistonal patent appltoation no. 60/165.228. 
attorney docket no. 25791.39, filed on 11/12/1999. 
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CONVERSION OF IMPERIAL UNITS TO METRIC UNITS 

■ 250Tto450»F = 121.1"C to 232.2^ 

5000 psi to 140.000 psi = 3.447 x 10^ NAn^to 9.653 x 10* N/m' 

5 0Tto450"F = -17.8^ to 232.2^ 

3 in = 76.2 mm 

2x10^ln*to5x10^lfi' = 0.129 mm* to 32.26 mm' 

The toltowina un Reateterod Trade Maria 

10 

Vtton 

TorqTrim III 
EP MudRb 

DrillN-dHd 

15 . ■ 
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CLAIMS 

1. A system for coupling an expandable tubular member to a preexisting 
structure, comprising: 

5 means for positioning the tubular member and an expansion cone within the 

preexisting structure; 

means for anchoring the tubular member to the preexisting structure; 
means for axially displadng the expansion cone relative to the tubular 
member by pulling the expansion cone through the tubular member, and 
10 means for injecting a lubricating fluid into the trailing edge of the interface 

between the expansion cone and the tubular member 

2. The system of daim 1. further comprising a lubricating fluid, wherein the 
lubricating fluid has a viscosity ranging from 1 to 10.000 centipoise. 

15 . . 

3. The isystem of daim 1, wherein the means for injecting indudes: 
injeding lubricating fluid into a tapered end of the expansion cone. 

4. The system of daim 1 . wherein the means for injecting indudes: 

20 means for injecting lubricating fluid into the area around the axial midpoint of 

a first tapered end of the expansion cone. 

5. The system of daim 1 . wherein the means for injecting indudes: 

means for injecting lubricating fluid into a second end df the expansion oone. 

25 

6. The system of daim 1, wherein the means for injecting indudes: 

means for injecting lubricatnig fluid into a tapered flrst end and a second end 
of the expansion oone. 

30 7. The system of daim 1 , wherein the means for injecting indudes: 

means for injecting lubricating fluid into an interior of the expansion cone. 

8. The system of daim 1 , wherein the means for injectir>g indudes: 

means for injecting lubricating fluid through an outer surfaoe of the 
35 expansion cone. 
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9. The system of daim 1, wherein the means for injecting includes: 

means for injecting the lubricating fluid into a pluraHty of discrete locations 
along the trailing edge portion. 

10. The system of daim 1, further comprising , a lutMicating fluid, wherein the 
lubricating fluid comprises: . 

drilling mud* 

1 1 . The system of daim 1 , wherein the means for axially displadng the 
expansion cone indudes: 

a means for pressurizing at least a portion of the interior of the tubular 
member. 

12. The system df daim 1 , wherein the means for axially displadng the 
expansion cone indudes: 

a means fa injecting a fluidic material into the tubular member. 

1 3. The system of daim 1 . wherein the means for axially displadng the 
expansion cone indudes: 

a means for displadng the expansion cone into the tubular member. 

14. . The system of daim 1 , wherein the means for axially displadng the 
expansion cone indudes: 

a means for displadng the expansion cone out of the tubular member. . 

1 5. The system of daim 1 . wherein the means for aixially displadng the 
expansion cone radially expands the tubular member by 10% to 20%. 

1 6. The system of daim 1 , further comprising a means for applying direct radial 
pressure to the tubular member. 

17. The system of daim 1 , further comprising a preexisting structure which 
indudes a wellbore casing. 
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1 8. The system of daim 1 , further comprising a preexisting stnicture which 
includes a pipeline. 

1 9. The system of daim 1 , further comprising the preexisting structure which 
indudes a structural support. 

20. The system of daim 1 , further comprising an expansion cone, wherein the 
expansion cone comprises an angle of attack ranging from 10 to 30 degrees. 

21 . The system of daim 1 , further comprising a tubular memljer, wherein the 
tutnilar member indudes: 

an annular member, having: 

a wall thickness, that varies less than 8 %; 

a hoop yieM strength that varies less than 10 %; 

imperfedions of less than 8 % of ttiid wall thkdcness; 

no failure for radial expansk>ns of up to 30 %; and 

no nedcing of the wails of the annular member for radial expansions of up to 

25%. 

22. The system of daim 1 , further comprising a tubular member, wherein the 
tubular member indudes: 

a first tubular member; 

a second tubular member, and 

a pin and box threaded oonnectton for coupling the first tubular member to 
the second tubular member, the threaded connectk>n induding: 

one or more sealing members for sealing the interface between the first and 
second tubular members. 

23. The system, of daim 22. wherein the one or more sealing members are 
positioned adjacent to an end portion of the threaded connectton. 

24. The system of daim 22, wherein one of the sealing members is positk>ned 
adjacent to an end portkxi of the threaded oonnectton; and wherein another one of 
the sealing members is not positioned adjacent to an end portbn of the threaded 
connection. 

72 



25. The system of daim 22, wherein a plurality of the one or more sealing 
memt)er5 are positioned adjacent to an end portion of the threaded connection. 



5 26. Thesystemof daim 1, further conprising a tubular member, wherein the 

tubular member Indudes: 

a layer of a lubricant bonded to the interior surface of the tubular member. 

27. The system of daim 26. wherein the lubricant comprises a metallic soap. 

10 

28. The system of daim 26, wherein the lubricant is chemically bonded to the 
interior surfece of the tubular member. 

29. The system of daim 26, wherein the lubricant is mechanically bonded to the 
15 interior surtiace of the tubular member, 

30. The system of daim 26, wherein the lubricant is adhesively bonded to the 
interior surf^ of the tubular member. 

20 31. The system of daim 30, wherein the lubricant Indudes epoxy. molybdenum 
disulfide, graphite, alurrtnum, copper, alumisilicate and polyethylenepolyamine. 

32. The system of daim 1 . further comprising a tubular member, wherein the 
tubular men^r indudes: 

25 a pair of tubular members having threaded portions coupled to one another 

and 

a quantity of a sealant within the threaded portions of the tubuter members. 

33. The system of daim 32, wherein the sealant is selected firom the group 
30 consisting of epoxies,thennosetting sealing compounds. curaWe sealing 

compounds, and sealing compounds having pdymerizabte materials. 

34. The system of daim 32. wherein the sealant indudes an initial cure cycte 
and a final cure cyde. 

35 
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35. The system of daim 32. wherein the sealant can be stretched up to 30 to 40 
percent without failure. 

36. The system of claim 32, wherein the sealant is resistant to conventional 
5 wellbore fluidic materials. 

37. The system of daim 32, wherein the material properties of the sealant are 
substantially stable for temperatures ranging from -ly.SX to 232.2*^ (0 to 450^). 

10 38. The system of daim 32, wherein the threaded portions of the tubular 

memt)er5 indude a primer for improvir>g the adhesion of the sealant to the threaded 
portions. 

39. The system of daim 1 , further comprising a tubular member, wherein the 
15 tubular member indudes: 

a pair of rings for engaging the preexisting stnidure; and 
a sealing elernent positioned betweien the rings for sealing the interface 
between the tubular member and the preexisting structure. 

20 40. The system of daim 1, further comprising a tidxdarniernber, wherein^ 
tubular member indudes: 

' a first preexpanded portion; 
an intenmediate portion coupled to the first preexpanded portion indudlng a 
sealing element; and 
25 a second preexpanded portion coupled to the interrnediate portion. 

41. Thesystemof daim 1. further cornprising: 
a tubular member, 
an expansion cone; 

30 a support member indudlng a fluid passage, the expansion oone.ooupled to 

the support member, the tubular memt)er coupled to the expansion cone; 
a slip joint coupled to the expansion cone; 
an end plate coupled to the slip joint; 
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a fluid chamber coupled to the fluid passage, the fluid chamtw defined by 
the interior portion of the tubular member between the expansion cone and the end 
plate. 

42. The system of daim i , further comprising a tubular member, wherein the 
tubular member includes a slotted end portion. 

43. The system of daim 1 , further comprising a tubular member and an 
expansion cone, wherein the tubular member and the expansion cone define a 
chamber adapted to be pressurized. 

44. The system of daim 43, further comprising a fluidic passage coupled to the 
chamt>er. 

45. The system of daim 1 ; further obmprislhg a lubricating fluid in an Interface 
between the expansion cone and the tubular member. 

46. The system of daim 4S. wherein the lubricating fluid comprises: 

drilling mud. 
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